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ABSTRACT—The type and five additional species of Cordania, from the Lower Devo- 
nian of Quebec, Maine, New York, Tennessee and Oklahoma, are described. Facial 


sutures are present, the anterior branches widely divergent; nine thoracic segments. 
Mystrocephala n. gen. (type species C. pulchra Cooper and Cloud) includes Lower 
and Middle Devonian species differing from Cordanza in that cheek and preglabellar 
field are concave distally and lack the convex border; pygidium has prominent pos- 


terior pleural bands extending to margin. The two genera are pla 


in Brachyme- 


topidae, and a new diagnosis of that family given. Two species from Maine which 


occur with Cordania macrobius (Billings) are described: 


ojoscutellum? pompilius 


(Billings), a scutelluid of uncertain generic affinities, and Astycoryphe? junius (Bill- 


ings), a proetid with a weakly developed tropidium and Astycoryphe-like pygidium. 





INTRODUCTION AND ACKNOWLEDGMENTS 


D* G. ARTHUR COOPER kindly invited 
me to describe the exceptional com- 
plete trilobite illustrated in pl. 51, fig. 11, 14, 
15, 18. It is here regarded as a new species of 
Cordania, and shows clearly the dorsal 
facial sutures, including the widely diver- 
gent anterior branches. Since all previous 
accounts have stated that the facial sutures 
in species of this genus are fused or not dis- 
cernible, it seemed desirable to reinvestigate 
the type and other species that have been re- 
ferred to it. A new diagnosis of the genus is 
given, and the species here referred to it are 
all Lower Devonian in age. Certain species 
of Lower and Middle Devonian age that 
have been referred to Cordania, one of which 
clearly shows facial sutures, are referred to a 
new but closely related genus. Other Middle 
Devonian species that might belong to the 
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new genus have not been considered here, 
since these trilobites are being studied by 
Dr. Erwin C. Stumm. The trilobites from 
the Lower Devonian of Square Lake, Maine, 
originally described by Billings (1869) but 
not studied since, include a species of 
Cordania. Considerable material from this 
locality is in the U. S. National Museum and 
in collections of the U. S. Geological Survey. 
In examining this I did not find much ma- 
terial of the cheirurid, phacopid, dalmanitid, 
or lichid described by Billings. However, 
there were good specimens of both the 
scutelluid and the proetid, and descriptions 
of some of the best of these specimens are in- 
cluded here because of their unusual inter- 
est and apparent relation to European 
forms. 

I am indebted to Dr. G. Arthur Cooper, 
U. S. National Museum, Washington, D. C. 
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TEXT-FIG. 1—Some terms employed in the description of the pygidium; (a) based on Mystrocephala 
pulchra; (b) based on Cordania macrobius. 1-9, pleural furrows numbered successively; ab, an- 
terior band of pleura; ahr, articulating half-ring; af, articulating furrow; f, facet; ip, interpleural 
furrow; pb, posterior band of pleura; rf, ring furrow of axis. 


(USNM); and Mr. Clinton F. Kilfoyle, 
New York State Museum, Albany, N. Y., 
(NYSM), for permission to study and pho- 
tograph material in their charge. The ini- 
tials in parentheses precede the catalogue 
numbers of specimens in these institutions. 
Trilobita in material from Square Lake, 
Maine, were sent to me by Dr. Robert B. 
Neuman, U. S. Geological Survey, Washing- 
ton, D.C. Dr. R. Goldring, University of 
Reading, England, supplied information re- 
garding younger trilobites possibly related 
to Cordania. Professor H. K. Erben, Bonn 
University, West Germany, suggested the 
genus to which the Square Lake proetid may 
belong. Mrs. Karl F. Schuele made the en- 
largements from my negatives, and Miss 
Margaret Estey prepared text-figure 1. 


TERMINOLOGY 


The terminology used here follows that 
which I have employed in recent papers 
(1957 and references), with one addition. 
Many authors now number the lateral 
glabellar lobes and furrows from the poste- 
rior forwards, and confusion may arise if this 
is not understood. For brevity and to avoid 
such confusion I have employed the symbols 
suggested by Richter and Richter (1954, 
p. 7) and Goldring (1955, p. 31). The basal 
or posterior glabellar lateral lobe or furrow, 
(i.e. that adjacent to the occipital ring) is re- 
ferred to as 1p, and those in front numbered 
successively forwards 2p, 3p, etc.—that is, 


second from the posterior, third from the 
posterior, etc. 

Two terminologies are applied to the 
pleural regions of the pygidium, and the 
terms used here for brachymetopids and 
proetids are explained in text-figure 1. 
Pleural furrows are numbered from the 
anterior backward, the first running diago- 
nally outward and backward from the articu- 
lating furrow (af). In front of the first 
pleural furrow is the first anterior band (ab), 
which bears the facet (f). Behind the first 
pleural furrow is the first posterior band 
(pb). The thorax of Cordanta (pl. 51, fig. 14) 
appears to substantiate this interpretation, 
that is, the posterior pleural band of the 
thoracic pleura is the strongly convex band 
(as it is on the pygidium). The pleural fur- 
row is deeper and broader than the inter- 
pleural furrow of the pygidium. In Mystro- 
cephaila n. gen. (pl. 53, fig. 16) the posterior 
pleural band is much more strongly convex 
than the anterior, and extends out to the 
margin, whereas the convex part of the 
anterior pleural band does not. The alterna- 
tive terminology, employed by Goldring 
(1955), is to use the term “rib” for the strip 
lying between two pleural furrows, the rib 
being divided into two parts by a “rib 
furrow” (=interpleural furrow). This leads 
to calling what is here termed the posterior 
band the “anterior portion of the rib,” and 
what is here termed the anterior band the 
“posterior portion of the rib” (cf. Goldring, 
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1955). The anterior band of the first pleura 
is called the ‘‘articulating half rib.” 

The pleural region of the scutelluid 
pygidium is here described as displaying 
ribs separated by grooves, without implica- 
tion as to whether these grooves correspond 
to pleural or interpleural furrows. 


SYSTEMATIC PALAEONTOLOGY 
Family BRACHYMETOPIDAE Prantl 
and Piibyl, 1951 


Diagnosis.—Cephalon semicircular in out- 
line, convex, long genal spine; glabella nar- 
rowing forward, triangular basal lateral lobe 
isolated by deep, diagonal furrow 1p, lateral 
furrows 2p and 3p may be present; pre- 
glabellar field long (absent only in Piltonia), 
convex cephalic border in most genera, eye 
lobe situated far back and close to glabella, 
facial sutures opisthoparian, anterior 
branches widely divergent in some genera, 
sutures absent in Brachymetopus; rostral 
plate broad, hypostome unknown. Thorax 


of nine segments, pygidium relatively large, © 


10-13+-axial rings; deep pleural furrows ex- 
tend beyond fulcrum, posterior pleural band 
wider (exs.) and more convex than anterior, 
reaches to margin of pygidium and may be 
extended into spines. External surface of 
convex areas may be pitted, tuberculate or 
spinose. 

Stratigraphical Range-—Lower Devonian 
to Carboniferous. 

Discussion.—The genera included in this 
group (proposed as a subfamily) by its au- 
thors were the following: Brachymetopus 
M’Coy, 1847, Brachymetopina Reed, 1903 
(a subjective synonym of Brachymetopus ac- 
cording to Goldring and Stubblefield, 1957, 
an interpretation disputed by Schmidt, 
1958), Cordania Clarke, 1892, Chetropyge 
Diener, 1897, Namuropyge R. and E. 
Richter, 1939, Haploconus Raymond, 1913 
(a synonym of Dimeropyge; see Sinclair, 
1946), Tschernyschewella Toll, 1899. Brachy- 
metopinids were placed by Prantl and Pfibyl 
in the family Otarionidae, and this family 
classified with the Proetidae in the super- 
family Proetacea. Hupé (1953, p. 220; 
1955, p. 210) used the family name Brachy- 
metopidae, including in it Brachymetopus, 
Cheiropyge, and with question Cordania. 
Further, Hupé regarded the brachymeto- 
pids as allied to the proetids but not to the 
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otarionids, a view with which Maksimova 
(1957) has expressed agreement. The ‘‘Trea- 
tise on Invertebrate Paleontology” (Moore, 
1959) offers another arrangement. Tscherny- 
schewella is removed to the Otarionidae, and 
Panarchaeogonus Opik, 1937, is added to 
Brachymetopidae with question. The supra- 
generic classification, with some additions 
and changes of rank of taxa, is like that of 
Prantl and Piyibyl. The new facts set forth 
herein suggest yet another arrangement, 
from which the diagnosis is derived. The 
reasons for this arrangement are as follows: 

The diagnoses given below suggest that 
Cordania and Mystrocephala n. gen. are 
closely related. Perhaps most like them is 
Tschernyschewella (a new name for Schmid- 
tella Tschernyschew, 1893, mon Ulrich, 
1892), type species S. uralica Tscherny- 
schew, 1893, from the Lower Devonian of 
the Urals. The type species has a convex 
cephalon with a long génal spine, the gla- 
bella narrowing forward and having well de- 
fined, triangular basal lobes; the preglabel- 
lar field is long (sag.) and convex and there 
is a narrow, convex cephalic border. The 
anterior branches of the suture diverge less 
strongly forward than in Mystrocephala. 
Certain Carboniferous trilobites seem to be 
descendants of these Devonian forms. One 
is ‘‘Cordania’”’ gardneri Mitchell, 1922, from 
Australia, new material of which is being 
studied by Drs. R. Goldring and K. S. W. 
Campbell. Information kindly supplied by 
Dr. Goldring shows that the Australian spe- 
cies does not belong in Cordania, though it 
has many features in common with it—the 
cephalon is convex with a narrow convex 
cephalic border, the glabella has prominent 
basal lateral lobes, preglabellar field is 
moderately long (sag.), the facial sutures 
have a course like that in Tschernyschewella, 
there are nine thoracic segments, and both 
these and the pygidium have prominent con- 
vex posterior pleural bands which reach the 
margin of the pygidium. The external sur- 
face is tuberculate, and there are small pits 
in the broad anterior and lateral cephalic 
border furrows. Piltonia Goldring, 1955, 
from the Lower Carboniferous of Britain 
and USSR, has the glabella with well de- 
fined triangular basal lobes, there is no pre- 
glabellar field, but a narrow cephalic border. 
The eye lobe is large, the anterior branches 
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of the suture slightly divergent. The pygid- 
ium is of similar form to that of Cordania, 
displaying more segments, but having the 
convex posterior pleural bands which extend 
out to the margin. External surface is tuber- 
culate. Brachymetopus (Woodward, 1883- 
1884, p. 46-55, pl. 8; Goldring, 1955, p. 44— 
46, pl. 2, figs. 14,15, text-fig. 7; Maksimova, 
1957) is perhaps least like any of the fore- 
going genera. The glabella has a triangular 
basal lobe, but is short (sag.), and the pre- 
glabellar field long. There is a narrow cepha- 
lic border. In the type and certain other 
species no sutures are associated with the 
large eye lobes. Nine thoracic segments; the 
pygidium is of similar form to that of 
Piltonia. Exterior surface tuberculate. Be- 
cause these three Carboniferous genera have 
a number of characters in common with 
Cordania and Mystrocephala they are here 
placed in the family Brachymetopidae. I 
would not include either Chetropyge, from 
the Permocarboniferous of India, or Namu- 
ropyge from the Carboniferous of Belgium, 
since the type species of each is a pygidium, 
neither of which appears particularly like 
any of those discussed above. I agree with 
Schmidt (p. O 408, footnote, in Moore, 1959) 
that Panarchaeogonus does not appear to be- 
long here. 

The relationships of the Brachymetopidae 
as here conceived are uncertain. As Maksi- 
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mova (1957, p. 60-61) has pointed out, the 
nine thoracic segments and relatively large, 
well-segmented pygidium distinguish them 
from Otarion and its allies, and suggest 
a relationship with Phillipsiidae. How- 
ever, this family includes only Carboniferous 
and Permian trilobites, and the cephalon is 
quite different from that of brachymetopids. 
Proetids, as well as otarionids, originate in 
the Middle Ordovician, but the Ordovician 
and Silurian species are not well known. 
More information is needed before an at- 
tempt may be made to trace the phylogeny 
of Proetacea. ' 


Genus CorDaniA Clarke, 1892 


Type specites—By original designation, 
Phaéthonides cyclurus Hall and Clarke, 1888. 

Diagnosis.—Convex glabelia tapering for- 
ward, occipital ring and large basal glabellar 
lobe well-defined, furrow 2p faint. Cheek 
and preglabellar field broad, wide convex 
border, long librigenal spine broad at base; 
small eye lobe situated on inner, convex part 
of cheek, opposite anterior part of basal 
glabellar lobe, anterior branches of suture 
strongly divergent, in mid-part at 60—90° to 
sagittal line, sinuous course. Rostral plate 
broad (tr.), hypostome unknown. Thorax in 
two species of nine segments, pleural furrow 
extends beyond fulcrum, posterior pleural 
band broader (exs.) and more convex than 





EXPLANATION OF PLATE 51 


Fics. 1-7,9,10,12,13,19—Cordania oe (Hall and Clarke, 1888), New Scotland limestone, Clarkes- 
ville, Albany County, N. Y. 1,4, wrre™ external mould of cranidium, fig. 4 photographed 
under alcohol, NYSM 4215, X3. 2,3,6, latex cast from lectotype, dorsal, anterior, right lat- 
eral views, X3. 5,7,9, internal mould of incomplete cranidium, NYSM 4213, original of Hall 
and Clarke, pl. 24, figs. 26,26a, dorsal, right lateral, anterior views, <4. 10,12,13, incomplete 
pygidium with some exoskeleton adhering, NYSM 4214, original of Hall and Clarke, pl. 24, 
fig. 28, posterior, left lateral, dorsal views, 4. 19, external mould of pygidium with some 

* exoskeleton adhering, NYSM 4214, original of Hall and Clarke, pl. 24, fig. 27, 4. 
8,11,14-18—Cordania falcata n.sp., Haragan formation, Murray County, Oklahoma. 
11,14,15,18, holotype, USNM 136468, almost complete exoskeleton, anterior, dorsal, left lateral, 

posterior views, <3. 8,17, enrolled incomplete exoskeleton, USNM 137695, left lateral, 
dorsal views, X3. 16, ap peg enrolled exoskeleton, USNM 137694, oblique exterior view 
showing doublure of left side of cephalon and connectivie suture, X3. 
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anterior. Pygidium sub-semicircular in out- 
line, convex axis with about ten rings, 
pleural region lacking border or border de- 
veloped as a narrow rim, eight to nine pairs 
of pleural furrows, flanked by low anterior 
bands and stronger posterior pleural bands, 
all extending to margin. External surface 
pitted, tubercles on convex parts of cepha- 
lon, axial rings and posterior pleural bands; 
terrace lines on margin and doublure. 
Stratigraphical Range.—Early Lower De- 
vonian (Helderberg and Deerpark). 


CorRDANIA CYCLURUS (Hall and 
Clarke, 1888) 
Pl. 51, figs. 1-7,9,10,12,13,19 


Lectotype (here selected) —NYSM 4215, 
original of Hall and Clarke, pl. 25, fig. 11, 
incomplete external mould of a cranidium 
with thin layer of exoskeleton adhering, 
New Scotland limestone, Clarkesville, 


Albany county, N. Y. 

Other Material —NYSM 4213, original of 
Hall and Clarke, pl. 24, figs. 26,26a, incom- 
plete internal mould of a cranidium; NYSM 
4214, originals of Hail and Clarke, pl. 24, 
figs. 27,28, incomplete pygidia, not counter- 
parts, one an internal mould with exoskele- 
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ton adhering, the other an external mould 
with exoskeleton adhering on left side, and 
some layers of the exoskeleton on the right 
side. All from New Scotland limestone, 
Clarkesville, Albany county, N. Y. The 
example showing the cephalon and pygidium 
‘fn juxtaposition” (Hall and Clarke, 1888, 
p. 139) is not preserved in the New York 
State Museum collections. 
Description—Lectotype cranidium of 
length (sag.) 10.7 mm. Occipital ring short 
(sag.), convex, sloping forward to broad, 
deep occipital furrow. In front of this furrow 
glabella narrows progressively forward to 
rounded anterior margin; axial furrows 
broad and deep, preglabellar furrow equally 
broad but shallower, especially medially; 
length (sag.) of glabella two-thirds that of 
cranidium; glabella is convex, and highest 
point (lying in a transverse line with anterior 
part of palpebral lobes) is as high, or slightly 
higher than, occipital ring in mid-line. 
Diagonal basal lateral glabellar furrow as 
broad and deep as axial furrow and extend- 
ing from this furrow to occipital furrow, iso- 
lating a convex basal lobe which is sub-oval 
in outline. In the steep lateral slope of the 
glabella, at a distance in front of the basal 





EXPLANATION OF PLATE 52 


Fics. 1,2—Cordania gasepiou Clarke, 1908, Lower Devonian, Grande Gréve limestone, Quebec. Holo- 
type, NYSM 9695, fragmentary exoskeleton, original of Clarke, 1908 pl. 9, fig. 9, dorsal, 


left lateral views, <6. 


3,5—Cordania falcata n.sp., Lower Devonian, Haragan formation, Oklahoma. 3, left eye lobe of 
original of Pl. 51, figs. 8,17, showing small facets, X20. 5, incomplete enrolled exoskeleton, 


USNM 137694, dorsal view, X3. 


4—Cordania sp. Lower Devonian, Birdsong shale, Tennessee, USNM 137696, internal mould 


of cranidium, X3. 


6-9,11,13,14,16-19—Cordania becraftensis Clarke, 1900, Lower Devonian, Glenerie limestone, 
Hudson, N. Y. 6, latex cast of incomplete external mould of cranidium, NYSM 4212, original 
of Clarke, pl. 2, fig. 23, X3. 7-9, lectotype, incomplete internal mould of cranidium, right 
lateral, dorsal, anterior views, NYSM 4210, origina! of Clarke, pl. 2, fig. 21, X4-3. 11,14, 


internal mould of pygidium, dorsal, 


terior views, NYSM 4207, original of Clarke, pl. 


2, fig. 17, X3. 13,16,17, latex cast of external mould of pygidium, dorsal, posterior, left 
lateral views, NYSM 4208, 4. 18,19, internal mould of pygidium, left lateral, dorsal views, 
NYSM 4208, original of Clarke, pl. 2, fig. 19, X3 

10,12,15—Mystrocephala rara (Stumm, 1953), Middle Devonian, Alpena County, Michigan. 
Holotype, USNM 117869, incomplete cranidium, dorsal, anterior, right lateral views, <4. 
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lateral furrow about equal to the length 
(exs.) of the basal lobe, is a faint depression 
suggesting lateral glabellar furrow 2p. In 
front of furrow 2p the axial furrow deepens 
towards its junction with the preglabellar 
furrow. Preglabellar field long (sag. and 
exs.), sloping gently forward and merging in 
a concave slope into the broad anterior 
border furrow; anterior border wide and 
gently convex. Laterally preglabellar field 
merges into fixed cheek. Palpebral lobe 
short (exs.), length less than that of basal 
glabellar lobe, standing high above cheek 
and situated opposite anterior part of this 
basal lobe; palpebral lobe without rim and 
sloping steeply inward. Inner part of fixed 
cheek, beside and in front of palpebral lobe, 
convex, outer part broadly concave with 
gently convex border. Anterior branch of 
suture runs forward and outward in an ‘S’ 
curve—in detail the course is at first in ward 
from the palpebral lobe, then curving to run 
almost transversely outward a short dis- 
tance in front of the palpebral lobe, con- 
tinuing in a broad curve through 90° or more 
to the antero-lateral margin (pl. 51, fig. 4). 
In the lectotype the edge of the cranidium in 
the outer part of the cheek is broken on both 
sides, but I consider the sutural boundary to 
be preserved on each side where it crosses 
the cephalic border—in a curve which is 
now running forward and slightly inward at 
the outer margin. Postero-lateral part of 
glabella and cheek, and course of posterior 
branch of suture, not preserved in the lecto- 
type. 

External surface of convex parts of exo- 
skeleton of lectotype bearing large, scattered 
tubercles. Largest tubercles on median part 
of anterior border. Concave area of fixed 
cheek and preglabellar field bears extremely 
faint pattern of shallow depressions, these 
depressions arranged quincuncially and 
elongated in a radial direction. 

The second specimen (pl. 51, figs, 5,7,9) is 
less complete, of length (sag.) 6.7 mm., and 
showing the same features. The short, shal- 
low depression representing lateral furrow 
2p is more clearly visible, and in front of it is 
a shorter and fainter depression, opposite 
the deep anterior part of the axial furrow, 
possibly representing lateral furrow 3p. 
Palpebral lobe not preserved, but on the 


left side the course of the outer part of the 
anterior branch of the suture may be fol- 
lowed. 

Internal mould of pygidium (pl. 51, figs. 
10,12,13) of length (sag.) 6.8 mm., pleural 
lobes broken distally and on right side exo- 
skeleton stripped off and external mould of 
doublure revealed. External mould of pygid- 
ium (pl. 51, fig. 19) of almost same length, 
pleural lobes incomplete laterally. Outline 
of pygidium subsemicircular, convex, with 
convex axis tapering posteriorly and termi- 
nating at inner edge of doublure. Axis of 10 
distinct rings marked off by ring furrows 
that are shallow and broad medially, but be- 
come narrower and deep distally. Tenth 
ring is on steep slope of tip of axis. Rings 
slightly inflated distally. Pleural regions 
horizontal beside anterior half of axis, out- 
side these areas sloping steeply to lateral 
and posterior margins. No convex border, 
an indentation concentric to margin lies 
above inner edge of doublure and thus 
posteriorly lies against tip of axis. Pleural 
furrows curve outward and back, and are 
directed successively more strongly back- 
ward; eight pleural furrows may be seen, 
each successively shallower, the eighth faint 
and directed backward. Interpleural furrows 
shallower and narrower than pleural, except 
distally; posterior pleural bands slightly 
more convex than the anterior; furrows and 
bands extend out to the margin. Between 
the eighth pair of pleural furrows may be 
seen two further pairs of faint pleural bands, 
the inner, posterior of which runs beside the 
tip of the axis and behind the axis encloses 
a faint median post-axial rib. External sur- 
face bearing tubercles on rings and bands. 
On the axial rings four pairs of tubercles, 
the inner pair close together at the mid-line, 
the outer pair situated on the inflated distal 
region. From the fourth axial ring poste- 
riorly the median pair are the most promi- 
nent, and become farther apart on successive 
rings. On the pleural regions larger tubercles 
occur principally in rows on the posterior 
pleural bands, and are spaced fairly widely 
except for a pair close together on the outer 
part beyond the indentation. The tubercles 
aid considerably in outlining the course of 
these bands. A fine-grained granulation is 
also present on the bands and rings. Dou- 
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blure bent up to lie close against dorsal exo- 
skeleton. 


CORDANIA FALCATA n. sp. 
Pl. 51, figs. 8,11,14-18; pl. 52, figs. 3,5. 


Holotype—USNM 136468, exoskeleton, 
exposed from dorsal side, Haragan forma- 
tion, White Mound, NW j, NE, sec. 20, 
T.2S., R.3E., Murray Co., Oklahoma. 
H. L. Strimple collection. 

Other material—USNM _ 137694-5, and 
unnumbered, three incomplete enrolled exo- 
skeletons, two incomplete cephala, same 
horizon and locality. 

Description.—Holotype of length 19.2 
mm., maximum width of cephalon (at pos- 
terior margin) 14.7 mm., pygidium of length 
5.3 mm., maximum width at anterior m r- 
gin 10.2 mm. 

Cranidium differentiated from that of 
Cordania cyclurus by convex preglabellar 
field and anterior area of fixed cheek, which 
descend to narrow anterior border furrow, 
anterior border broad and convex (compare 
pl. 51, fig. 15 with pl. 51, fig. 6). Because of 
differences in the mode of preservation it is 
difficult to compare other features, but the 
occipital furrow in C. falcata appears to be 
shallower and narrower (sag..and exs.), and 
the basal lateral glabellar and axial furrows 
are less deep. Large tubercles are scattered 
over the external surface of preglabellar 
field and anterior area of fixed cheek of C. 
falcata (pl. 51, figs. 14,17), such tubercles are 
present in C. cyclurus only immediately in 
front of the preglabellar furrow and on the 
fixed cheek beside the glabella (pl. 51, figs. 
1,2); closely spaced and quincuncially ar- 
ranged pits are present in both species (pl. 
51, fig. 2; pl. 52, fig. 5). 

Cheek highest at point in line with, and 
close to, anterior part of basal glabellar lobe; 
eye lobe at highest point, cheek sloping 
steeply down from eye lobe. Eye surface 
(pl. 52, fig. 3) with many tiny facets ar- 
ranged in diagonal lines. Posterior border of 
similar width (exs.) and convexity to occip- 
ital ring, inner part directed transversely, 
behind eye lobe deflected slightly backward, 
and at two-thirds width of cheek curving 
sharply to merge with internal border of 
librigenal spine. Posterior border furrow 
moderately deep, librigenal spine broad 
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(tr.), long, reaching back to point opposite 
tip of pygidial axis; broad external border 
continuous with lateral cephalic border, 
narrower internal border, depression be- 
tween these borders narrowing and disap- 
pearing distally. Cephalic doublure as broad 
as border, convex, inner part curled up 
vertically. Anterior branch of suture much 
as in C. cyclurus, curve out from palpebral 
lobe sharp, mid portion directed trans- 
versely, reaching anterolateral margin at 
point in line (exs.) with internal border of 
librigenal spine, then running diagonally 
inwards a short distance across outermost 
part of doublure to meet rostral suture at 
oblique angle. Rostral plate (pl. 51, fig. 16) 
of width (tr.) about equal to distance be- 
tween palpebral lobes, defined by back- 
wardly converging connective sutures, pos- 
terior part curved up vertically. Hypo- 
stome unknown. Posterior branch of suture 
runs outward and backward in ‘S’ curve, 
cutting posterior margin at about half width 
of cheek. 

Thorax of nine segments, convex axis 
tapering backward. Convex rings only 
slightly inflated distally. Inner part of 
pleura flat, outer part bent gently down, tip 
rounded. Narrow, deep pleural furrow ex- 
tends beyond fulcrum, posterior band 
broader and more convex than anterior. 
Facet large, especially on narrower (tr.) 
anterior segment where it fits beneath 
posterior cephalic border and base of libri- 
genal spine. 

Pygidium differing from that of C. cy- 
clurus in the less steeply sloping outer parts 
of the pleural regions and in exhibiting a 
narrow, convex border which is most prom- 
inent posteriorly. 

External surface with close-spaced quin- 
cuncially arranged pits, these pits promi- 
nent on the outer part of the cheek. Tuber- 
cles scattered on glabella, cheek, cephalic 
borders, axial rings and posterior pleural 
bands; on glabella close spaced, on anterior 
part of cheek and preglabellar field large and 
widely spaced, median and paired on occip- 
ital ring and axial rings. Strong terrace 
lines on cephalic margin and doublure. 

Discussion.—Other trilobites from the 
Haragan formation have recently been listed 
by Amsden (1956a, p. 46-49; 1956b, p. 
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138). In the U. S. National Museum there is 
also a proetid and Otarion sp. 


Cordania macrobius (Billings, 1869) 
Pl. 53, figs. 1-14,17,18,20,21; 
text-fig. 1b. 


Material—USNM_ 137697-8 and _ un- 
numbered cranidia, fragments of free cheeks, 
pygidia, from Lower Devonian of New Scot- 
land limestone age, Square Lake, Aroostock 
County, Maine. Coll. O. Nylander; P. E. 
Cloud. 

Description Axial, occipital and basal 
glabellar furrows shallower than in either C. 
cyclurus or C. falcata, and slopes down to 
them consequently gentler. Preglabellar 
field and anterior parts of free cheeks gently 
convex and outward-sloping—less convex 
than those of C. falcata but more steeply 
sloping than the corresponding concave 
area in C. cyclurus (compare pl. 53, fig. 3 
with pl. 51, figs. 6,15). Anterior border of 
cranidium convex, defined by broad, deep 
border furrow, anterior slope vertical. Posi- 
tion and elevation of palpebral lobe as in 
C. cyclurus and C. falcata, course of sutures 
similar except that posterior branch has 
straight, diagonally directed course, rather 
than ‘S’ shape of C. falcata. Free cheek as in 
C. falcata, long librigenal spine with broad 
outer and narrower internal borders, de- 
pression between them dying out distally. 
Doublure of free cheek (pl. 53, figs. 10,12) 
curled under so that it is directed vertically 
beneath border, then inmost part flexed ab- 
ruptly to slope upward and inward beneath 
outer part of cheek; the border is thus sub- 
cylindrical in cross-section. Pygidium like 
that of C. cyclurus, the outer part of the 
pleural region more steeply sloping than 
that of C. falcata and exhibiting the narrow, 
slightly raised border, into which the ante- 
rior and posterior pleural bands run. Both 
Billings (1869, p. 123) and Hall and Clarke 
(1888, p. 139) described the external surface 
of the cranidium as punctate. This pitted 
appearance is exhibited by moulds of the 
internal surface of the exoskeleton (pl. 53, 
figs. 4,5), which also exhibit an extremely 
faint depression on the side of the glabella 
at about one-third the length—lateral furrow 
2p. Pitting is also seen on internal moulds of 
the free cheek (pl. 53, fig. 11). It is coarsest 
on the cephalic border, and on the pregla- 


bellar field and adjacent areas the pits are 
quincuncially arranged and separated by 
faint, anastomosing radial ridges. In one 
cranidium which has the external surface of 
the exoskeleton preserved (pl. 53, figs. 1-3) 
close-spaced pits are present everywhere ex- 
cept in the furrows and are largest in, and 
adjacent to, the border furrow. An oval 
smooth area indicates the position of lateral 
furrow 2p. Small tubercles are scattered on 
the glabella and anterior border, a few 
larger, faint tubercles on the preglabellar 
area. The smaller tubercles of glabella and 
anterior border also distinguish this species 
from C. cyclurus and C. falcata. When the 
external surface of the pygidial exoskeleton 
is preserved (pl, 53, figs. 17,20,21) tubercles 
are visible on axial rings and both pleural 
bands. 

Hall and Clarke (1888, p. 139) do not 
seem to be correct in stating that C. macro- 
bius has a longer glabella and fewer axial 
rings in the pygidium than C. cyclurus. 


Cordania becraftensts Clarke, 1900 
Pl. 52, figs. 6-9,11,13,14,16-19 
Cordania hudsonica Clarke, 1900, p. 24, Pl. 2, 
figs. 17,18. 

Lectotype (here selected).—NYSM 4210, 
incomplete internal mould of cranidium, 
original of Clarke, 1900, pl. 2, fig. 21, Ori- 
skanian (Glenerie limestone), Becraft 
Mountain, Hudson, N. Y. 

Other Material—Originals of Clarke, 
1900, pl 2, as follows: NYSM 4211, incom- 
plete internal mould of cranidium, original 
of fig. 22; 4212, incomplete external mould 
of cranidium, original of 23; 4208, internal 
and external moulds respectively of 2 py- 
gidia, the former the original of fig. 19; 4209, 
external mould of pygidium, original of fig. 
20; 4221, incomplete internal mould of py- 
gidium, original of fig. 18, first placed in C. 
hudsonica, but later (Clarke, 1908, p. 136) 
referred to C. becraftensis; 4207, internal 
mould of pygidium, original of fig. 17, and 
the holotype of C. hudsonica; all from Oris- 
kanian (Glenerie limestone), Becraft Moun- 
tain, Hudson, N. Y. 

Description —Preglabellar field relatively 
short (sag. and exs.), convex immediately in 
front of preglabellar furrow but greater part 
deeply concave and passing forward into 
broad, convex border. The cranidium is 
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much like that of C. cyclurus, except that 
the preglabellar field is shorter and more 
steeply sloping, and the anterior branch of 
the suture diverges at about 65° from the 
sagittal line. External surface (pl. 52, fig. 6) 
of convex areas bearing close-spaced small, 
and scattered large, tubercles; smooth area 
indicates lateral furrow 2p. 

Pygidium subsemicircular in outline, con- 
vex; axis convex, tapering backward to 
rounded tip, nine rings outlined by ring fur- 
rows which become progressively shallower 
posteriorly, each ring curving back slightly 
at the midline. Three additional rings indi- 
cated on the posterior tip by transverse lines 
of tubercles. Pleural regions horizontal close 
to anterior part of axis, posterolaterally 
steeply sloping, approaching vertical behind 
tip of axis. Eight pairs of deep pleural fur- 
rows, directed progressively more strongly 
backward; shallow interpleural furrows, pos- 
terior pleural band wider and more convex 
than the anterior. Pleural bands following 
the eighth pleural furrow run backwards and 
inwards close beside the tip of the axis. 
Pleural furrows and bands become shallower 
and lower respectively on the steeply slop- 
ing border; doublure convex and extending 
beneath this border. External surface of 
axial rings bearing small, sharp, close spaced 
tubercles, in the midline a short, blunt, 
backwardly-directed spine; similar tuber- 
cles on pleural ribs. 

The holotype of Cordania hudsonica 
Clarke, 1900, is aninternal mould of a pygid- 
ium (pl. 52, figs. 11,14) and indistinguish- 
able from specimens (pl. 52, figs. 13, 16-19) 
originally placed in C. becraftensts by Clarke. 

The steepness of the outer part of the 
pleural regions distinguish the pygidium of 
this species from all others known. 


CoRDANIA GASEPIOU Clarke, 1908 
Pl. 52, figs. 1,2 


Holotybe—NYSM 9695, fragmentary 
exoskeleton exposed from dorsal side, origi- 
nal of Clarke, 1908, pl. 9, fig. 10, Grande 
Gréve limestone, Lehuquet’s Cove, Grande 
Gréve, Quebec, Canada. 

Other Material.—The original of Clarke’s 
1908, pl. 9, fig. 9, said by Kilfoyle, 1954, p. 
506, to be in the U. S. National Museum, 
could not be found up to the time of writing. 

Discussion.—The holotype is too poorly 


preserved for complete description, but so 
far as can be seen it displays the characters 
of Cordanta. Glabella convex, tapering for- 
ward, with large triangular basal lateral lobe 
set off by deep diagonal furrow. Preglabellar 
field long (sag. and exs.), gently convex and 
sloping forward to broad, deep border fur- 
row; anterior cephalic border broad, convex. 
Anterior branch of suture directed outward 
and slightly forward at a high angle to the 
midline. Free cheek with broad, convex 
lateral border and long librigenal spine, 
latter with median depression between con- 
vex internal and external borders. Thorax of 
nine segments, deep pleural furrow and 
strongly convex, wide (exs.) posterior 
pleural band. Pygidium of typical outline 
and convexity, deep pleural furrows, shal- 
low interpleural furrows, posterior band 
more convex than anterior, bands and fur- 
rows extending out close to margin. Outer 
parts of pleural region gently sloping, unlike 
that of C. becraftensis. The gentle convexity 
and slope of the preglabellar field, the 
strongly raised anterior cephalic border, and 
the deep concavity separating them, dis- 
tinguish this species from either C. macrobius 
or C. falcata, and recall the characters of C. 
cyclurus; the latter species does not have, 
however, so strongly raised an anterior 
border. 


CORDANIA sp. 
Pl. 52, fig. 4 


Material —_USNM 137696, internal 
mould of a cranidium in siltstone, Birdsong 
shale, Pickwick Dam, T.V.A. Pickwick— 
Counce Quadrangles, Hardin Co., Tenn. 

Description —Glabella narrowing forward, 
well-defined occipital ring, large triangular 
basal lateral lobe, faint furrow 2p. Preglabel- 
lar field short (sag. and exs.) as in C. becraf- 
tensts, anterior border broad, convex. Pal- 
pebral lobe opposite anterior part of basal 
lateral glabellar lobe, anterior branches of 
facial suture widely divergent. Large tuber- 
cles scattered on anterior border. 


MYSTROCEPHALA N. gen. 


Type species—Cordanta pulchra Cooper 
and Cloud, 1938. 

Diagnosts.—Cephalon differs from that of 
Cordania in that lateral glabellar furrow 2p 
is deeper and longer, and lateral glabellar 
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lobe 2p is gently convex; cheek and pre- 
glabellar field is concave distally with up- 
turned edge, and lacks the broad, convex 
border; anterior branches of sutures strongly 
divergent (at 70° to mid-line, i.e. less than 
in some species of Cordania). Rostral plate 
and hypostome unknown. 

Thorax unknown. Pygidium differs from 
that of Cordania in that anterior pleural 
bands, which are present on the first six or 
seven segments, are low and do not extend 
on to outer parts of pleural regions, whereas 
posterior pleural bands are prominent and 
extend to margin. 

Stratigraphical Range-——Late Lower De- 
vonian (Onesquethaw) to late Middle 
Devonian (Taghanic). 


MYSTROCEPHALA PULCHRA (Cooper 
and Cloud, 1938) 
Pl. 53, figs. 15,16,19,22-26; pl. 54, 
figs. 1-5; text-fig. la. 


Holotype —USNM 95198a, cephalon, left 
free cheek displaced a short distance poste- 
riorly, preserved in brown granular lime- 
stone, original of Cooper and Cloud, 1938, 


pl. 55, figs. 28,34; Devonian, first hollow 
south of Kritesville, SE 3, NE 3, sec. 20, 
T.11 S., R.2 W., Hardin quadrangle, Cal- 
houn Co., Illinois. These strata are placed by 
Cooper et al. (1942) in the upper Middle 
Devonian Taghanic stage. 

Paratypes—USNM 95198c, cranidium; 
95198d,e, pygidia; same locality and hori- 
zon, originals of Cooper and Cloud, 1938, pl. 
55, figs. 29, 31-33. 

Other Material—USNM 95214, addi- 
tional cranidia and pygidia, same locality 
and horizon. 

Description.—Glabella of maximum width 
across occipital ring and basal lateral glabel- 
lar lobes, in front of these narrowing con- 
siderably, outlined by shallow axial and 
faint preglabellar furrows; axial furrow 
deepest beside occipital ring, glabellar lobe 
2p and frontal lobe. Occipital furrow deep 
behind basal glabellar lobe (described by 
Cooper and Cloud as the “‘occipital’’ lobe), 
latter trapezoidal in outline, defined ante- 
riorly by deep, diagonal glabellar furrow 1p 
which is connected by a broad, shallow de- 
pression to the occipital furrow. Lateral 
glabellar furrow 2p parallel to 1p, deepest 


H. B. WHITTINGTON 


close to axial furrow, shallowing inward; 
glabellar lobe 2p gently convex. Inner part 
of cheek convex, outer part concave, merg- 
ing with broad (sag. and exs.) preglabellar 
field, a narrow part of which is gently con- 
vex in front of preglabellar furrow, the 
broader anterior part being concave; ill- 
defined narrow border to cheek and pregla- 
bellar area along upturned edge; posterior 
border widest (exs.) on fixed cheek, nar- 
rower distally, librigenal spine broad at 
base, tapering, median part between narrow 
borders concave. Midpoint of large eye lobe 
opposite glabellar furrow 1p, anterior branch 
of suture runs outward and forward at about 
70° to sagittal line in a slightly sinuous 
course, posterior branch runs diagonally 
outward at about 45° to sagittal line; eye 
surface with many tiny facets faintly indi- 
cated on external surface (pl. 53, fig. 25). 
Faint eye ridge visible (pl. 54, fig. 1) where 
it descends to axial furrow opposite outer 
end of glabellar furrow 2p. Doublure of 
cheek (pl. 53, fig. 26; pl. 54, fig. 3) broad, ex- 
tending beneath librigenal spine, antero- 
laterally extending two-thirds of distance 
beneath cheek in toward eye lobe, and 
anteriorly reaching inward close to pregla- 
bellar furrow. Anterior branch of suture 
runs along margin half-way in to midline, 
connective suture as seen on right free cheek 
of one specimen (pl. 54, fig. 3) appears to 
run at first inward, then curves to run back- 
ward and outward across doublure. If this 
interpretation is correct, then rostral plate 
is narrowest at about one-third its length 
(sag.). Hypostome unknown. External sur- 
face of cephalon pitted, pits tiny on glabella, 
larger on cheek and preglabellar area, large 
and small tubercles scattered on glabella 
(except in furrows), convex part of cheek 
and preglabellar area, and posterior border. 
Terrace lines on doublure and margin of 
cephalon. 

Thorax unknown. 

Convex axis of pygidium divided into ten 
axial rings, two additional rings faintly indi- 
cated on vertical slope of tip. Pleural region 
convex, outer part steeply sloping to flat- 
tened border area which is broadest poste- 
riorly. Pleural region (text-fig. 1a) sub- 
divided by eight strong bands which run out 
to the margin, a faint ninth band (PI. 54, 
fig. 5) may be present behind the axis and 
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close to the midline; these bands are the 
posterior (not anterior, as stated by Cooper 
and Cloud, 1938, p. 458) pleural bands, and 
in front of each is the pleural furrow, in 
front of this furrow a narrower, lower ante- 
rior pleural band. The anterior pleural bands 
are visible on the first six or seven segments, 
but extend only part way down the slope of 
the pleural region. Doublure convex ven- 
trally, extending inward under concave 
outer part and to tip of axis. External sur- 
face pitted except on crests of axial rings 
and pleural bands; large median and two 
lateral pairs of tubercles on axial rings; on 
proximal portion of posterior pleural bands 
four or five large tubercles. Doublure and 
margin bearing terrace lines. 


MYSTROCEPHALA RARA (Stumm, 1953) 
Pl. 52, fig. 10,12,15 


Holotype —USNM_ 117869, cranidium, 
Middle Devonian, Traverse group, Four 
Mile Dam limestone, exposures on banks 
and in bed of Thunder Bay river below Four 
Mile dam, } mile south of center sec. 7, T.31 
N., R. 8 E, Alpena county, Michigan. 

Description.—Cranidium preserved as a 
mould of internal surface of exoskeleton 
with only a fragment of exoskeleton adher- 
ing. The lobe described by Stumm (1953, p. 
124-5) as “‘occipital’’ is here termed basal or 
lateral glabellar 1p. 

Cranidium differs from that of M. pulchra 
in that median part of occipital furrow, and 
depression connecting inner end of glabellar 
furrow 1p to occipital furrow, are shallower; 
glabellar furrow 2p is deeper and bifurcates 
at inner end; anterior part of fixed cheek and 
preglabellar field are less strongly upturned 
near border and thus appear less deeply con- 
cave (compare pl. 52, fig. 15, with pl. 53, 
fig. 23). The low eye ridge runs forward into 
the axial furrow opposite the outer end of 
glabellar furrow 2p. 


MYSTROCEPHALA VARICELLA (Hall 
and Clarke, 1888) 
Pl. 54, figs. 6—-10,12. 


Lectotype (here selected)—NYSM 4223, 
counterpart moulds of incomplete cranidium, 
flattened and cracked, original of Hall and 
Clarke, 1888, pl. 24, figs. 29,29a, Onondaga 
limestone, Canandaigua, N. Y. 

Other Material—NYSM 4224, 4225, in- 


complete internal moulds of cranidium and 
pygidium, originals of Hall and Clarke 1888, 
pl. 24, figs. 30,30a, and 31, Onondaga lime- 
stone, Canandaigua, N. Y. 

Description.—Cranidium extremely like 

that of M. pulchra—glabella with triangular 
basal lobe defined by deep lateral furrow 1p, 
shallower diagonal lateral furrow 2p, frontal 
lobe more inflated, giving a more convex 
profile (compare pl. 54, fig. 10 with pl. 54, 
fig. 2). Preglabellar field broad and strongly 
recurved. Palpebral lobe situated opposite 
glabellar furrow 1p, anterior branch of 
facial suture strongly divergent. External 
surface bearing scattered large tubercles on 
glabella, fixed cheek beside glabella, and 
preglabellar field immediately in front of 
preglabellar furrow; the position of these 
tubercles being almost identical with those 
of M. pulchra (compare pl. 54, fig. 12 with 
pl. 54, fig. 1). Outer part of preglabellar 
field and fixed cheek bearing close-spaced, 
irregularly disposed pits. 
- Pygidium having the same number of 
axial rings, pleural furrows and ribs as M. 
pulchra, the strong posterior pleural bands 
continuing out to the margin; pygidium dis- 
tinguished from the type species by the 
gentler postero-lateral slope of the pleural 
regions and the longer (sag.) portion behind 
the axis. 

Particularly in the form of the pregla- 
bellar field and anterior part of the fixed 
cheek, this species appears to be more 
closely related to the type than to M. rara. 


Family SCUTELLUIDAE R. and E. 
Richter, 1955 


(I prefer to accept the emended spelling of 
this name proposed by the Richters, rather 
than revive an old name, as suggested by 
Moore, 1959, p. O 367.) 


Genus BoyoscuTELLUM Snajdr, 1958 
BoOJOSCUTELLUM ? POMPILIUS 
(Billings, 1869) 

Pl. 54, figs. 13-16,20,21,24,25 


Material—USNM 137699a-d, cranidia, 
free cheek, incomplete pygidia, from Lower 
Devonian of New Scotland limestone age, 
Square Lake, Aroostock County, Maine. 
Collected P. E. Cloud, 1941. 

Description.—In Billings’ original illus- 
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tration (1869, fig. 25) the cephalon was 
drawn from a Canadian specimen. The pres- 
ent illustrations are thus the first to be pub- 
lished of topotype material. Glabella nar- 
rowest adjacent to occipital furrow, expand- 
ing in front of here, axial furrows fading out 
beside anterior lobe, which is not defined by 
any preglabellar furrow but curves down- 
ward over margin of cephalon. Areas of 
muscle insertion, which include the lateral 
glabellar furrows, are smooth and slightly 
depressed, and appear as darker areas in the 
photograph (pl. 54, fig. 25). An area situated 
in anterolateral corner of occipital ring, 1p 
largest, horseshoe shaped, situated a short 
distance in front of occipital furrow, 2p 
smaller, subtriangular in outline, and situ- 
ated a short distance from the median gla- 
bellar tubercle, 3p smallest, elongate trans- 
versely and situated a short distance antero- 
laterally from 2p; an additional area on the 
fixed cheek adjacent to the axial furrow im- 
mediately in front of the occipital furrow; 
axial furrow deepest adjacent to this area. 
Eye lobe opposite preoccipital portion of 
glabella, large, elevated and situated in line 
(exs.) with the anterolateral part of the 
anterior glabellar lobe. Eye surface (pl. 54, 
fig. 20) covered with many minute facets ar- 
ranged in diagonal lines. Anterior branch of 


H. B. WHITTINGTON 


suture curves forward and outward in a sig- 
moidal course, posterior branch curves 
backward and outward, runs for a short dis- 
tance parallel to the posterior border furrow, 
then curves in a semicircle across the pos- 
terior border; posterior border furrow ends a 
short distance inside the posterior branch of 
the suture. Inner part of free cheek gently 
convex, outer part gently concave, no bor- 
ders or border furrows, short blunt librigenal 
spine. Outer edge of free cheek and libri- 
genal spine sharp—there being an acute 
angle between the dorsal surface and the 
doublure. This sharp edge continues across 
the anterior branch of the suture on to the 
fixed cheek and becomes rounded at the dis- 
tal edge of the anterior glabellar lobe. Ex- 
ternal surface with raised anastomosing 
lines, concentrically arranged on preoccipi- 
tal portion of glabella and on fixed cheek, 
elsewhere on glabella and inner part of free 
cheek running transversely or subparallel to 
the anterolateral margin; on free cheek as 
lines approach lateral margin they curve 
forward to run subparallel to margin and 
then abruptly backward at margin. 
Pygidium with short triangular axis, pos- 
teromedian part convex, posterior tip pro- 
jecting upward and backward; subdivided 
transversely only by articulating furrow, 
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Fics. 1-14,17,18,20,21—Cordania macrobius (Billings, 1869), Lower Devonian, Square Lake, Maine. 
1-3, incomplete cranidium, exoskeleton adhering, dorsal, anterior, left lateral views, USNM 
137697a, X3. 4,5, internal mould of incomplete cranidium, dorsal, anterior views, USNM 
137697b, X3. 6,7, incomplete cranidium, internal mould, dorsal, anterior views, USNM 
137697c, X3. 8,9, incomplete cranidium, dorsal, left lateral views, USNM 137697d, X6. 10, 
right free cheek, border removed to show external mould of doublure, USNM 137697e, X3. 
11, left free cheek, internal mould, some exoskeleton adhering, USNM 137697g, x3. 12, 
right free cheek, border partly broken away revealing external mould of doublure, USNM 
137697f, X3. 13,14,18, incomplete Pygidium, exoskeleton adhering, dorsal, posterior, left 
lateral views, USNM 137698a, <3. 17,20,21, incomplete pygidium, exoskeleton adhering, 
dorsal, posterior, right lateral views, USNM 137698b, <3. 

cle Ra Fy rr oe pulchra (Cooper and Cloud, 1938), Devonian, Calhoun County, 

Illinois. 15,22,23,25, holotype, incomplete cephalon, USNM 95198a, dorsal, anterior, right 

ygidium, dorsal, posterior, left lateral 

views, USNM 95198d, X6. 26, cephalon, free cheeks displaced, exposed from ventral side, 
oblique view showing doublure of left free cheek, USNM 95214, <4. 


lateral views, <4; gs eye lobe, X20. 16,19,24, 
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but longitudinally by furrows which define 
the projecting tip. Broad pleural regions 
crossed by seven pairs of radially arranged 
grooves, ribs between these grooves gently 
convex, sloping more steeply posteriorly 
than anteriorly. Median rib between seventh 
pair of grooves gently convex, not sub- 
divided. Grooves die out before reaching 
margin of pygidium. Doublure (pl. 54, fig. 
14) broad, outer part gently convex, inner 
part concave and extending inward to a 
point about two-thirds the width of the 
pleural regions. External surface crossed by 
raised, anastomosing lines running trans- 
versely on axis and pleural regions, except 
close to lateral margins where they curve 
forward. Doublure with raised lines running 
subparallel to margin. 

Discussion.—Genera of the Scutelluidae 
have recently been considered by Prantl and 
Pfibyl (1947), Snajdr (1958), and R. and E. 
Richter (in Moore, 1959). A longer work by 
Snajdr is now in press. Of the fourteen gen- 
era or subgenera considered by these au- 
thors, Scutellum and Bojoscutellum seem the 
most likely ones to which Billings’ species 
may be referred. The type species of Scutel- 
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lum is S. costatum Pusch, 1833 (R. and E. 
Richter, 1926, p. 117-123, pl. 7, figs. 18-23), 
and American species exceedingly like it are 
S. tullium and S. depressum (Cooper and 
Cloud, 1938, p. 458-459, pl. 55, figs. 30,35- 
45). The Square Lake species differs from 
these Middle and Upper Devonian forms in 
the more rapidly expanding glabella, lack of 
preglabellar field and preglabellar furrow, 
presence of median glabellar tubercle, more 
widely divergent anterior branches of the 
facial suture, more prominent postero- 
median projection on axis of the pygidium, 
and the external surface is not coarsely 
tuberculate. In most of these characters, 
however, it approaches Bojoscutellum palifer 
(Beyrich, 1845), the type species of this 
genus from the Lower Devonian of Bohemia 
(Prantl and Priibyl, 1947, pl. 1; Snajdr, 
1958, pl. 1, figs. 2,4; pl, 2, figs. 18,19). Par- 
ticularly in the shape of the glabella, posi- 
tion and arrangement of the muscle areas, 
presence of median glabellar tubercle, pres- 
ence and arrangement of the raised lines on 
the external surface, the Maine species is 
like B. palifer. It differs from it in lacking 
the narrow (sag. and exs.) preglabellar de- 





EXPLANATION OF PLATE 54 


Fics. 1-5—Mystrocephala pulchra (Cooper and Cloud, 1938), Devonian, Calhoun County, Illinois. 
1,2,4, paratype cranidium, dorsal, left lateral, anterior views, USNM 95198c, X6. 3, cepha- 
lon, free cheeks displaced, exposed from ventral side, showing doublure of right free cheek, 


USNM 95214, X44. 5, parat 


6-10,12—Mystrocephala varicella (Hall and Clarke, 1888), Ononda: 
New York. 6,7, internal mould of incomplete pygidium, dorsa 


pygidium, dorsal view, USNM 95198e, X6. 


ga limestone, Canandaigua, 
, left lateral views, NYSM 


4225, original of Hall and Clarke, pl. 24, fig. 31, X4. 8,12, lectotype, internal mould and 
latex cast from external mould of incomplete cranidium, NYSM 4223, original of Hall and 
Clarke, pl. 24, figs. 29, 29a, X6. 9,10, internal mould of incomplete cranidium, dorsal, right 
lateral views, NYSM 4224, original of Hall and Clarke, pl. 24, figs. 30, 30a, X6. 
11,17-19,22,23,26,27—Astycoryphe? junius (Billings, 1869), Lower Devonian, Square Lake, 
Maine. 11, incomplete cranidium, dorsal view, USNM 137670b, X6. 17, left free cheek, ex- 
terior view, USNM 137670c, X6. 18,19,22, incomplete cranidium, dorsal, left lateral, ante- 
rior views, USNM 137670a, X6. 23,26,27, pygidium, right lateral, posterior, dorsal views, 


USNM 137670d, <3. 


13-16,20,21,24,25—Bojoscutellum? pompilius (Billings, 1869), Lower Devonian, Square Lake, 


Maine. 13,15, pygidium, dorsal, posterior views, 


SNM 137699c. X6. 14, pygidium, ex 


from ventral side and showing doublure, USNM 137699d, X3. 16,21,25, cranidium, USNM 
1374599a; left lateral, anterior views, X3; dorsal view, <6. 20,24, left free cheek, USNM 


137699b; eye lobe, X10, exterior view, X3. 
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pression and in that the median rib of the 
pygidium is not bifurcated. In general, how- 
ever, B.? pompilius seems to resemble B. 
palifer more than it does S. costatum and 
allied species. 


Family PROETIDAE Hawle and Corda, 

1847 

Subfamily TROPIDOCORYPHINAE 

Pribyl, 1946 
Genus ASTYCORYPHE R. and E. Richter, 
1919 
ASTYCORYPHE? JUNIUS 
(Billings, 1869) 
Pl. 54, figs. 11,17-19,22,23,26,27 


Material—USNM_ 137670a-d, cranidia, 
free cheek, and pygidia from Lower De- 
vonian of New Scotland limestone age, 
Square Lake, Aroostock County, Maine. 
Collected O. Nylander; P. E. Cloud, 1941. 

Description.—Glabella widest across oc- 
cipital ring, in front of occipital furrow 
narrowing progressively forward to rounded 
anterior lobe, lateral margins slightly 
pinched-in at about one-third the length; 
occipital furrow narrow, deep median part 
curved convexly forward. Two pairs of 
lateral glabellar furrows appear as smooth, 
extremely faintly indented areas, furrow 1p 
crescentic in outline, curving inward and 
backward, broader than furrow 2p which is 
slightly curved, inwardly and backwardly 
directed; furrow 3p suggested by a small 
area, merely an interruption in the raised 
lines, situated a short distance in front of the 
inner part of furrow 2p. Preglabellar field 
sloping forward, portion immediately in 
front of preglabellar furrow convex, forming 
a transverse band which continues on to the 
fixed cheek, anterior portion flat and sloping 
down to the broad, shallow, anterior border 
furrow. Anterior border gently convex. Eye 
lobe large, curved, situated close to glabella 
and extending from opposite the pinched-in 
portion back to the posterior border furrow 
close to extremity of occipital furrow. An- 
terior branch of suture straight, directed 
forward and slightly outward; posterior 
branch curving strongly outward and back- 
ward across the posterior border.’ Free cheek 
convex inside broad borders; lateral border 
furrow wide. posterior border furrow nar- 
rower and deeper; librigenal spine broad at 


base, tapering back to sharp point, border 
furrows continuing onto base of spine as a 
median depression which dies out distally. 
External surface bearing fine, raised anasto- 
mosing lines in Bertillon pattern, on cheek 
and preglabellar field running subparallel to 
margin. On anterior and lateral borders the 
lines are more prominent and run parallel 
to margins, similar stronger lines run along 
transverse ridge of preglabellar field, and on 
fixed and free cheeks in a curved path sub- 
parallel to the border furrow, dying out near 
the genal angle (pl. 54, figs. 17,18). Lines 
absent in furrows. Small median tubercle on 
occipital ring. 

Pygidium with convex axis subtriangular 
in outline, divided into six axial rings, each 
ring with a slight median convexity at the 
posterior edge; tip of axis steeply sloping 
and bearing faint indication of seventh ring. 
Inner part of pleural regions gently sloping, 
narrower outer part flexed down more 
steeply and extending behind axis, narrow 
marginal rim. Four pleural furrows, anterior 
band of pleura convex and sloping steeply 
down to pleural furrow, posterior band low 
and sloping gently forward to pleural 
furrow. Four faint interpleural furrows. At 
the change of slope between the inner and 
outer of the pleural regions the anterior 
band of each pleura becomes narrow and 
sharply ridged, this narrow ridge of the first 
three pleural bands continuing out to the 
marginal rim. That of the fourth anterior 
pleural band does not quite reach the rim; 
on the change of slope between the inner 
and outer part of the pleural regions, ridges 
indicating the fifth and sixth anterior 
pleural bands are visible adjacent to the tip 
of the axis. The four posterior pleural bands 
extend out only as far as the change of slope 
in the pleural regions. External surface bear- 
ing fine, raised anastomosing lines running 
in curve convex forward on axial rings and 
along pleural bands; stronger lines on mar- 
ginal rim. 

Discussion.—Classification of the family 
Proetidae has been discussed by Pribyl 
(1946) and subdivisions of the genus 
Proetus by Erben (1951). Two recent ar- 
rangements of proetid genera are that by 
Hupé (1955, p. 200-210) and the classifica- 
tion by R. and E. Richter and Struve (in 
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CORDANIA AND OTHER TRILOBITES 


Moore, 1959). The latter follows Pfibyl in 
placing Astycoryphe in the subfamily Tropi- 
docoryphinae. 

With Billings (1869) I consider that the 
cephalon and pygidium described above be- 
long to the same species—it is the only 
proetid from this locality and fairly abun- 
dant. I am indebted to Dr. H. K. Erben 
(personal communication) for pointing out 
the strong resemblance between the pygid- 
ium and that of species of Astycoryphe 
(Pribyl, 1946, p. 22-23; R. and E. Richter, 
1919, p. 1-17, figures 1, 4-10). The form of 
the axial rings, with the backwardly project- 
ing median tubercle, and the strong back- 
ward-curving anterior pleural bands is 
typical. The cephalon differs from that of 
typical Astycoryphe in that the glabella 
narrows less rapidly forward, the pregla- 
bellar field is shorter (sag.), and the tropid- 
ium (a narrow ridge traversing the pre- 
glabellar field and the cheek a short distance 
inside the border furrow) is not typically de- 
veloped. However, the transverse ridge in 
A? junius that runs immediately in front of 
the preglabellar furrow and is continued by 
an extremely faint ridge, marked by strong 
lines on the external surface, curving across 


the cheek just outside the eye lobe (pl. 54, 
figs. 11,17,18), may represent the tropidium 
in process of development. Thus the species 
from Maine has been referred with question 
to Astycoryphe, and if it does belong to this 
genus it is the oldest species in it. A. 


gracilis (Barrande, 1846) occurs in the 
Lower Devonian of Bohemia, in beds that 
range to the upper limit of the Lower Em- 
sian, though the exact horizon at which the 
species occurs is not well known (H. K. 
Erben, personal communication). Dr. Erben 
also reports that in Germany he has found 
A. gracilis in limestones of Upper Emsian 
age. 

A? junius displays some similarity to spe- 
cies of Proetus (Cornuproetus) described by 
Erben (1951, p. 25-30, figs. 5,6). Though the 
glabella of A? junius shows the slight 
pinching-in at one-third the length, the 
glabella in front of this constriction con- 
tracts more rapidly forward than in the 
species described by Erben. In addition 
Proetus (Cornuproetus) has a short (sag.) 
preglabellar field which slopes forward and 
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lacks the convex ridge visible in A? junius. 
Because of these differences therefore I 
prefer to place the Maine species in As- 
tycoryphe with question. 
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HYPOTYPES OF PHYLLOCERAS ONOENSE STANTON 


E. L. PACKARD 
Stanford University, Stanford, California 





ABsTRACT—A lectotype of Phylloceras onoense Stanton, the type species of the 
genus Hypophylloceras, is here selected from the two original specimens of Ammo- 
nites ramosus Gabb (not Meek) on which Stanton (in part) originally based his 
species. Gabb’s two specimens are not conspecific, and a possible new species of 
Hypophylloceras is suggested for the second specimen. 





INTRODUCTION 


ECAUSE Phylloceras onoense Stanton 1896 

(1895), the type species of the genus 
Hypophylloceras Salfeld, 1924, was never 
adequately described or figured, the speci- 
mens of Ammonites ramosus Gabb (1864), 
(not Meek) on which Stanton (in part) 
based his species, are herein redescribed and 
figured, along with other significant speci- 
mens which contribute to the understanding 
of this species. Gabb’s specimens are in the 
Museum of Paleontology, University of 
California, Berkeley; the other figured speci- 
mens are in the collections of the Academy 
of Natural Sciences of Philadelphia and the 
U. S. Geological Survey and the U. S. Na- 
tional Museum. 


HISTORY OF THE SPECIES 


Gabb (1864, p. 65, pl. 11, figs. 12, 12a; 
pl. 12, fig. 12b) reported the occurrence of 
two imperfect specimens of phylloceratids 
from the “lower division of the California 
Cretaceous at Cottonwood Creek, Shasta 
County,” which he referred to Ammonites 
ramosus Meek of Late Cretaceous age. Stan- 
ton (1896, p. 72-75) recognized that Gabb’s 
identification was incorrect, and proposed 
the name Phylloceras onoense [recte onoensis] 
for these specimens, as well as for others in 
his own collection from the neighborhood of 
Ono on Cottonwood Creek. 

Merriam (1895, p. 1) reported that Gabb’s 
original specimens are in the collections of 
the University of California. However, 
Anderson (1938, p. 142) failed to recognize 
them and erroneously proposed as a lecto- 
type of P. onoense a specimen from the 
“West branch of Bee Creek”’ in the Cotton- 
wood district (Cal. Acad. Sci. Loc. 1347). A 


recent search of the collections at Berkeley, 
aided by Joseph Peck, has brought to 
light Gabb’s original specimens. One of 
these (Univ. Calif. Mus. Pal. No. 12110) 
is here selected as the lectotype of Phyl- 
loceras onoense Stanton. 

Three other specimens identified as Am- 
monites ramosus by Gabb were examined 
through the courtesy of Horace G. Richards, 


Academy of Natural Sciences of Philadel- 


phia. It is not known when Gabb collected 
these specimens, but it probably was sub- 
sequent to 1869 as only two specimens are 
mentioned in his publication of that date 
(p. 210). These specimens are described 
herein. 

Stanton (1896, p. 74) proposed the specific 
name onoensis in connection with his de- 
scription of Phylloceras knoxvillenis. He 
mentioned having collected several speci- 
mens of the former species from ‘‘near the 
original locality in the neighborhood of 
Ono.” Those specimens could not be found 
by the late J. B. Reeside, Jr. in either the 
U. S. National Museum or the U. S. 
Geological Survey collections. However, 
Reeside did discover one specimen of P. 
onoense collected by Stanton from U.S.G.S. 
Mesozoic locality 2246 (Albrights ranch near 
Roaring River, four miles south of Ono). 
A cast of this specimen is figured on plate 56, 
figure 1. More recently David Jones dis- 
covered in the Upper Cretaceous collections 
of the U. S. National Museum collections 
(no. 21520) a specimen obtained by Diller 
and Brown in 1889 and subsequently iden- 
tified by Stanton as P. onoense. The label 
states that it was from Aldersons Gulch, 
13 miles southeast of Ono. It is briefly 
described and illustrated below. 
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SYSTEMATIC DESCRIPTIONS 


Class CEPHALOPODA 
Family PHYLLOCERATIDAE Zittel 1884 
Subfamily PHYLLOCERATINAE Zittel 1884 
Genus HyPOPHYLLOCERAS Salfeld 1924 


Type species——Phylloceras onoense Stan- 
ton 1896 [1895] 


HYPOPHYLLOCERAS ONOENSE (Stanton) 
Pl. 55, figs. 1-4; pl. 56, fig. 1 


Ammonites ramosus Gabb (not Meek, 1857, 1876) 

(in part), 1864, p. 65, pl. 12, fig. 12b. 
Phylloceras onoensis Stanton, 1896 (1895), p. 74. 
Phylloceras onoense Smith, 1898, p. 147-149, 

pls. 19,20; Anderson, 1938, p. 142, pl. 11, figs. 

1,2; Hanna & Hertlein, 1943, p. 68, fig. 19. 
Hypophylloceras onoense Salfeld, 1924, p. 6; 

Spath, 1927, p. 38; Collignon, 1949, p. 68 

(in part); Wright (in Arkell et al.), 1957, p. 

L189, fig. 219; Murphy, 1956, fig. 6. 

The two specimens of Ammonites ramosus 
Gabb (not Meek) (Univ. Calif. Mus. Pal. 
Nos. 12109 and 12110) are the only known 
syntypes of Phylloceras onoense Stanton 
from which to select a lectotype of this 
species. The specimen (U.C.M.P. No. 
12109) figured by Gabb (pl. 11, fig. 12) is 
not conspecific with the other specimen 


from which the suture shown on his plate 
12, figure 126 was obviously drawn. 

That specimen (U.C.M.P. No. 12110) is 
here considered to be specifically identical 
to two known specimens identified by Stan- 
ton and also to Anderson’s illegally desig- 
nated ‘‘lectotype.”’ The latter has been cited: 
as the type of P. onoense (Wright, 1957, p. 
L189). 

Description—The proposed _lectotype 
(U.C.M.P. No. 12110) consists of less than 
one-half of a septate whorl. The specimen 
has been partially crushed and lacks the 
outer shell layer on parts of both sides. The 
several imperfectly preserved sutures must 
have been the basis for Gabb’s illustration. 

The shell is compressed, with a whorl 
height of about 56 percent of the estimated 
diameter. Whorl section is a flattened ellipse 
with a ratio of width to height of about .54. 
Greatest width is a little dorsal of the mid 
flank. Flanks are slightly convex, sloping to 
the relatively narrow and evenly arched 
venter. Umbilicus is small, deep, equalling in 
diameter approximately 14 percent of the 
whorl height. Its wall curves gently and 
evenly onto the flank without any shoulder 
demarkation. 

Ornamentation consists of very fine rib- 
lets or lirae. At the umbilicus they appear 
as little more than crowded growth lines 
that trend slightly forward. They are not 
observable, probably due to the poor pres- 
ervation, on the inner flank region. Farther 
out the riblets seem to be nearly radial and 
cross the venter with a very slight forward 
curve. These riblets are very fine being 
hardly visible without magnification. They 
have rounded cross sections and _ inter- 
spaces a little wider than the riblets. 
Thirteen ribs were counted near the venter 
within the length of one centimeter, at the 
whorl height of 70 millimeters. 

A number of incomplete sutures, some- 
what simplified by erosion, are exposed 
on the left side of the lectotype and a well 
preserved first lateral lobe and parts of the 
adjacent saddles on the right side. These 
sutures, as drawn by Matsumoto, are shown 
as text-figures | and 2. 

The ventral lobe and part of the first 
saddle are not preserved. The first lateral 
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TExT-F1G. 1—Suture line of lectotype of Hypo- 
phylloceras onoense (Stanton) U.S.M.P. no. 
12110, The first lateral lobe and adjacent sad- 
dles at whorl height of about 60 mm. On right 
side of whorl. Enlarged. 


lobe is narrow, deep and unsymmetrically 
trifid, with the inner inflection largest and 
most complex. Two oblique elements sep- 
arate the three divisions and are themselves 
incised and terminate in phylloid ends. The 
second lateral lobe, as shown on the right 
side, is narrow, not as deep as the first lobe 
and very unequally bifid, with the inner 
inflection very much larger and deeper. The 
first four auxiliary lobes become increasingly 
narrow and less distinctly incised. The last 
four lobes are very narrow and are essen- 
tially without recognizable inflections. 
The first lateral saddle, on the right side, 
is complete except for its outermost lower 
element. It is narrow, high and deeply sym- 
metrically bifid. Both branches are further 
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TeExt-FiG. 2—Suture line of lectoype as exposed 
on the left side at whorl height of about 55 mm. 
Some details lost by erosion. 
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divided with conspicuous phylloid termina- 
tions. The main lateral inner inflection is 
deep and oblique to the axis of the saddle. 

The second saddle has about the same 
height as the first. It is bifid with the outer 
branch deeply and obliquely incised, ter- 
minations are phylloid. The saddles on the 
left side probably were a little more complex 
than shown in text-figure 2. The second 
saddle on the left side is narrow, high and 
shallowly divided with but few lateral in- 
flections. Auxiliaries become progressively 
lower and narrower; the last few are only 
indistinctly inflected. 


Measurements of the lectotype of Hypophylloceras 
onoense (Stanton) (in millimeters) 


Estimated diameter of the septate specimen 125 


Height of last whorl 70+ 
Thickness of last whorl 38+ 
Diameter of umbilicus 10 


The lectotype differs specifically from 
Gabb’s other original specimen (U.C.M.P. 
No. 12109). It is more compressed, has 
flatter flanks, a narrower periphery, and 
more numerous and finer ribs. 

Stanton's identified spectmen.—The speci- 
men collected and identified by Stanton in 
1900 (U. S. Geol. Surv. Loc. 2246) supple- 
ments the description of the lectotype of 
Hypophylloceras onoense. This description 
is based upon a plaster cast of that speci- 
men which is herein illustrated on plate 2, 
figure 1. It is well preserved undeformed, 
septate, with a diameter of 114 millimeters. 
It is compressed and has a whorl height 
greater than its width. Greatest thickness is 
just below mid flank. The wall of the small 
umbilicus slopes regularly onto the slightly 
convex flank. Venter is narrowly rounded. 
Ornamentation consists of numerous fine 
riblets with wider interspaces which ap- 
parently conform in direction to the faint 
slightly sigmoidal growth lines. 


Measurements of Stanton's identified specimen 
(in millimeters) 


Maximum diameter 114 
Height of last whorl 77 
Thickness 33 
Diameter of umbilicus oct 
Height of preceding whorl 29 


This specimen resembles the lectotype of 
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H. onoense in its general proportions, in- 
cluding the flattened flank, narrow periph- 
ery and character of its ribbing. The ribs 
show some evidence of a slight double 
curvature on the flank not shown on Gabb’s 
specimen. Sutures of the two are similar. 

A second specimen identified by Stanton.— 
This specimen (U.S.N.M. No. 21520) from 
Alderson’s Gulch near Ono may have been 
one of Stanton’s syntypes of P. onoense 
since it was obtained by Diller in 1889. It 
is compressed with a narrow venter nu- 
merous fine ribs and well preserved sutures, 
all of which characters agree closely with 
the lectotype. 


Measurements of second specimen identified by 
Stanton (in mallimeters) 


Maximum diameter 165+ 
Height of last whorl 90+ 
Height of preceding whorl 42 
Thickness 48+ 
Diameter of umbilicus 10 
Anderson’s ‘‘lectotype.’’-—The specimen 


incorrectly designated by Anderson as a 
“lectotype” (type No. 7336, Calif. Acad. 
Sci.) is wholly septate with a diameter 
of 120 millimeters. It agrees with the pro- 
posed lectotype in its narrow periphery, 
somewhat flattened flanks, ribbing and in 
sutural elements. Anderson’s figure of the 
suture (1938, pl. 11, fig. 1) has been in- 
correctly retouched as regards the first 
saddle. 

Murphy recently has studied Anderson’s 
“lectotype’’ and specimens of the same 
species in his personal collection. He (letter, 


July, 1938) has noted very fine, transverse 
ribbing at a diameter of 13 millimeters, and 
sigmoidal constrictions on the internal cast 
at 4 millimeters. The latter continue to oc- 
cur up to a diameter of approximately 45 
millimeters. 


Measurements of Anderson's specimen 
(in millimeters) 


Maximum diameter 120 
Height in last whorl 65 
Thickness 35 
Diameter of umbilicus 7 


Type locality and occurrences.—The type 
locality of the lectotype of H. onoense is in- 
definite. Gabb reported his two specimens 
from Cottonwood Creek, Shasta County, 
California. The specimen (U.S.G.S. No. 
2246) identified and collected by Stanton, 
herein considered specifically identical with 
the lectotype, came from Albrights ranch 
near Roaring River, about four miles south 
of Ono (U.S.G.S. Loc. 2246). The second 
specimen (U.S.N.M. No. 21520) identified 
by Stanton came from Aldersons Gulch, one 
and one-half miles southeast of Ono. An- 
derson’s ‘“‘lectotype’’ was reported in his 
text (p. 143) from ‘‘the West Branch of Bee 
Creek half a mile east of Shoup ranch house 
in the Argonaut zone.’”’ However, the same 
specimen was cited in the explanation of 
plate 11 from locality number 1347 (C.A.S.) 
which according to the Academy’s Locality 
Book is north of Roaring River five miles 
south of Ono on the road to Milsap’s, north 
of Barr’s Corral. 

Age.—The stratigraphic range of this 





EXPLANATION OF PLATE 55 


Fics. 1-4—Hypophylloceras onoense (Stanton). 1,2, lateral views of lectotype (no. 12110, Univ. Calif., 
Mus. Paleo.) This is Gabb’s hypotype of Ammonites ramosus Meek and a syntype of Phyl- 
loceras onoense Stanton, X1; 3, ventral, 4, lateral views of a referred specimen identified by 


Stanton (no. 21520 U.S.N.M.) X4. 
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HYPOTYPES OF PHYLLOCERAS ONOENSE STANTON 


species in the Lower Cretaceous rocks of 
northern California is at present uncertain. 
Anderson reported his specimen from his 
Argonaut zone which is included in Mur- 
phy’s (1956) Gabbtoceras wintunium zone of 
early Aptian age. 


HYPOPHYLLOCERAS nN. sp? 
Pl. 56, fig. 2; pl. 57, figs. 1-3 
Ammonites ramosus Gabb, 1864 (in part), p. 65, 
pl. 11, figs. 12,12A? 

Description.—This specimen (U.C.M.P. 
No. 12109) consists of a deeply septate 
whorl on which diagnostic characters are 
confined to the anterior third of one side. 
Maximum diameter was not less than 135 
millimeters. Whorl section is higher than 
wide, height equalling about 66 percent of 
the diameter. Greatest thickness is near the 
middle of the flank, umbilicus is small and 
rounds evenly to the convex flank. Venter 
is broadly and evenly arched. Ornamenta- 
tion near the umbilicus consists of fine striae 
which become more prominent on the mid 
flank and increase in strength toward the 
venter where they cross with a very slight 
forward curve. Ribs are sharply crested near 
the venter with interspaces.a little wider 
than the ribs. Five or six ribs per centimeter 
are present near the periphery at the an- 
terior end and at the diameter of 116 milli- 
meters. No evidence is seen for a backward 
curving of the ribs as shown on Gabb’s 
figure. 

One side of this specimen shows traces of 
several incomplete sutures which have been 
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deeply weathered and show only a few 
phylloid terminations. 


Measurements of specimen (U.C.M.P. No. 12109) 
(in millimeters) 


Maximum diameter (estimated) 135 
Height of last whorl 

Maximum thickness of last whorl 

Diameter of umbilicus 

Height of preceding whorl 


This specimen differs from the lectotype 
of H. onoense in its greater convexity of 
flanks, broader venter and much coarser 
ribbing. 

Specimen identified by Gabb as ramosus 
subsequent to 1864.—Three specimens now 
in the paleontological collections of the 
Academy of Natural Sciences of Phila- 
delphia (No. 12885) were labeled Am- 
monites ramosus by Gabb some time subse- 
quent to 1864. The largest of these has a 
whor! height equal to about 60 percent of 
the diameter. Umbilicus small without dis- 
tinct shoulders. Greatest thickness a little 
below middle of the convex flank. Venter 
broadly rounded. Details of ribbing obscure 
but rather coarse. Suture line of this speci- 
men as drawn by Muller is reproduced on 
plate 57, fig. 3, taken at a whorl height of 58 
millimeters. 


Measurements of the largest of the specimens in the 
Academy at Philadelphia (No. 12885) 
(in millimeters) 


Maximum diameter 118 
Height of last whorl 71 
Thickness 36+ 
Diameter of umbilicus 9+ 
Height of preceding whrol 29 





EXPLANATION OF PLATE 56 


Fic. 1—Hypophylloceras onoense (Stanton). Cast of a referred specimen collected and identified by 
Stanton in 1900. From Stanton’s locality number 2246 U.S.G.S. This plaster cast has been 


cut for a cross section; X1. 


2—Hypophylloceras (n.sp.?) Lateral view of Gabb’s figured hypotype of Ammonites ramosus 
Meek, no. 12109, U.C.M.P. Both approximately natural size. 
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TABLE 1—SUMMARY OF DIMENSIONS 








Maximum 
Diameter 


Height of 
of Last 
Whorl 


Thickness 
of Last 
Whorl 


Diameter 
of Um- 
bilicus 


Height 
preceding 
Whorl 








mm. 


% mm % lmm. YF [mm YF |mm. 





Ammonites ramosus Meek (plastoholo- 


type, 2451, U.S.G.S.) 48.2 


100 


28 Cw S8 27 9.6. 





Ammonites ramosus Gabb (lectotype H. 


onoense Stanton, U.C.M.P. 12110) 125+ 


100 


70+ .56 .30 





Phylloceras onoense (identified by Stan- 


ton, 2246, U.S.G.S.) 114 


100 


77,67 21 





Phylloceras onoense (identified by Stan- 


ton, 12520, U.S.N.M.) 165+ 


54 + .29 





Phylloceras onoense (Anderson's lecto- 


type 7336 C.A.S.) 120 


65 .54 29 





Hypophylloceras, n. sp.? (Gabb’s speci- 


men, 12109 U.C.M.P.) 135+ 


80+ 46 





Hypophylloceras, n. sp.? (12885 Acad. 


Nat. Sci. Phila.) 118 





71. =—.60 | 36+ +.30 38 

















The other two specimens in that Phil- 
adelphia Academy collection labeled by 


Gabb are smaller and appear to represent 
immature individuals of the same species. 

It is considered probable that this large 
well preserved specimen (No. 12885, Acad. 
Nat. Sci. Phil.) is specifically identical with 
the specimen figured by Gabb (1864, pl. 11, 
fig. 12). Both have about the same propor- 
tions, convexity of their flanks, rather 
broadly rounded venters and similar ribbing. 
They do not appear to represent any of the 
several species first described from the 
Pacific Coast of North America. 

Although Gabb’s specimen (U.C.M.P. 
No. 12909) and possibly those in the 
Academy of Natural Sciences of Philadel- 
phia may represent a new species of Hypo- 
phylloceras it does not appear advisable to 
propose a name since the original collecting 
locality is very indefinite. 

The dimensions of these several specimens 
described above and those of the plasto- 
holotype of Ammonites ramosus Meek (not 
Gabb) are summarized in table I for direct 
comparisons. 


Stanton (1896, p. 74) correctly recognized 
that his species was distinct from the Upper 
Cretaceous species, Ammonites ramosus 
Meek, which has since become the type of 
Neophylloceras Shimizu (1934). That author 
and later Wright and Matsumoto (1956, p. 
109) discussed Meek’s species and compared 
it with Japanese forms including Neophyl- 
loceras subramosum Shimizu (1934). They 
maintained that Neophylloceras is a valid 
genus, distinguished from Hypophylloceras 
by the reduction of the phylloid termina- 
tions of the saddles, among other lesser 
characters. This writer concurs with them, 
and accepts their generic distinctions. 
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EXPLANATION OF PLATE 57 


Fics. 1-3—Hypophylloceras n.sp.? 1,2, Lateral and ventral views of a specimen identified by Gabb, 
subsequent to 1864, as Ammonites ramosus Meek (no. 12885 Acad. Nat. Hist. Philadel- 
phia), X1. 3, Suture line of same specimen. 
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CORKWOOD IN THE EOCENE FLORA OF THE 
SOUTHEASTERN UNITED STATES 


ROLAND W. BROWN! 
Lehighton, R.F.D. 3, Pa. 





ABSTRACT—Eight species in seven genera, none heretofore identified as Leitneria 
(corkwood), are synonymized as Leiztneria eocenica (Berry) Brown, n. comb., the 
first recognition of that genus in the Eocene flora of the southeastern United States. 
This example points the need for a thorough restudy of the entire flora. 





INTRODUCTION 


N PAGE 73 of The lower Eocene floras of 
O southeastern North America, 1916, the 
late E. W. Berry stated in general terms his 
method of studying collections of fossil 
plants. In essence this consisted first of 
comparing the fossils with the correspond- 
ing parts of similar or identical species now 
living in or near the same region; second, 
failing to find satisfactory matches, to look 
into exotic floras; and third, to gather what 
suggestions can be had from paleobotanical 
literature but with not too much reliance 
on the latter for dependable help. That he 
was not too successful in applying the 
method will be seen from his treatment of 
the specimens I here refer to corkwood 
(Leitneria), and from numerous other mis- 
identifications, some of which are discussed 
to emphasize the need for a complete re- 
study of the Eocene floras of the Gulf 
coastal area. 


1 Retired from the U. S. Geological Survey, 
Dec. 31, 1958. 





The application of Berry’s method implies 
on the part of the practitioner a fairly 
thorough knowledge of the morphology, 
classification, geographic distribution, and 
environmental circumstances of living 
plants. Not the least of these is morphology, 
particularly the gross and subtle features 
that permit distinction and identification of 
species. The following treatment of Lettnerta 
eocenica, with its synonyms, will illustrate 
this and other points. 


SYSTEMATIC DESCRIPTION 
LEITNERIA EOCENICA (Berry) 
Brown, n. comb. 

Pl. 58, figs. 3-6 


Capparis eocenica Berry, 1916, p. 218, pl. 44, 
figs. 1,2 [not fig. 3]; pl. 52, fig. 5. 

Capparis eocenica ampla Berry, 1930, p. 71, pl. 
36, figs. 4,5. 

Anacardites marshallensis Berry, 1916, p. 261, pl. 
58, fig. 6. 

Carapa eolignitica Berry, 1916, p. 253, [not pl. 55, 
fig. 4; pl. 60, fig. 4]; 1930, p. 95, pl. 39, fig. 10. 

Diospyros wilcoxiana Berry, 1916, p. 334, pl. 101, 
fig. 2 [not fig. 1]; 1930, p. 128, pl. 47, fig. 3. 

Dodonaea wilcoxiana Berry, 1916, p. 270, pl. 38, 


fig. 2. 





EXPLANATION OF PLATE 58 
All figured specimens are in the U. S. National Museum 
Fics. 1,2—Leaves of the existing corkwood, Lettneria floridana Chapman, showing aberrant second- 


ary venation. 


3-6—Leitneria eocenica (Berry) Brown, n. comb. 3, U.S.G.S. loc. 6467, Holly Springs, Miss. 
Reproduction of Dodonaea wilcoxiana Berry, 1916, pl. 38, fig. 2. 4, U.S.G.S. loc. 9077, 
Viola, Ky. 5, U.S.G.S. loc. 8619, Grable pit, Henry Co., Tenn. 6, U.S.G.S. loc. 6456, Purvear, 
Tenn. Reproduction of Diospyros wilcoxiana Berry, 1930, pl. 47, fig. 3. 
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Myrcia parvifolia Berry, 1916, p. 315, pl. 90, fig. 1. 
—— elliptica Berry, 1930, p. 124, pl. 41, 
g. 10. 


In the foregoing synonymy of 8 species 
distributed among 7 genera in 7 different 
families (Capparis, caper family, Cap- 
paridaceae; Carapa, mahogany family, Me- 
liaceae; Anacardites, sumac family, Ana- 
cardiaceae; Diospyros, ebony family, Ebe- 
naceae; Dodonaea, soapberry family, Sapin- 
daceae; Myrcia, myrtle family, Myrtaceae; 
Schefflera, ginseng family, Araliaceae), no 
Leittneria is listed. That all, however, as the 
reader may verify by studying Berry’s illus- 
trations of the leaves, belong to one genus 
and species and that, on both morphologic 
and ecologic grounds, they are assignable to 
Lettneria, seems clear when they are com- 
pared with the existing corkwood, Lettneria 
floridana Chapman (pl. 58, figs. 1,2). 

Whether large or small, these leaves have 
- a number of significant features in common. 
They are elliptic in outline, rounded to 
blunt-pointed at the apex, cuneate at the 
base, with thick petioles. The midveins are 
heavy. From them branch numerous camp- 
todrome secondary veins in fairly regular 
fashion but strikingly, in most specimens 
some aberrant ones branch off at notably 
different angles than the rest. This singu- 
larity, in combination with the other char- 
acteristics mentioned, makes it relatively 
easy to spot these leaves. 

The living Letineria floridana, a mono- 
typic species, is a shrub or small tree, grow- 
ing in swamps at isolated localities in the 
southern States, specifically, according to 
C. S. Sargent’s Manual of the trees of North 
America, 1933, along the lower Altamaha 
River, Georgia; on the Gulf Coast from the 
Apalachicola River, Florida, to the Brazos 
River, Texas; Lincoln and Clay counties, 
Arkansas; and Butler and Dunklin counties, 
Missouri. Growing in swampy sites the cork- 
wood is admirably situated for leaving re- 
mains in the fossil record. The swamps and 
sloughs around the Mississippi embayment 
in Eocene time provided such a habitat and 
it is not surprising, therefore, that remains 
of Leitneria are widespread in the Wilcox- 
Claiborne strata. Thus far, however, no 
authentic seeds of Leitneria have been re- 
ported from the Eocene of the southern 
States, but I predict with confidence that 
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they will be found if an intensive search be 
made at appropriate leaf localities, such as 
the clay pits near Puryear, Tennessee, and 
at Viola, Kentucky. I, myself, have not had 
an opportunity to make this search, for the 
idea that the leaves in question might be 


those of Leitneria did not occur to me until . 


long after my last visit into the area. 

Although Berry (1916) made a lengthy 

statement about the composition of the 
Eocene flora, he did not give a concise sum- 
mary of the species now living in the Gulf 
Coast region, and especially of those that 
might be good prospects for preservation as 
fossils. The fact that he did not identify 
Leitneria in the Eocene flora is perplexing 
for only a year later he reported probable 
winter buds of corkwood from Recent de- 
posits near Vero, Florida (1917, p. 23). 

Berry’s failure to recognize as a single 
species of Leztneria all of the items listed in 
the synonymy prompts a closer look at 
some of them for other possible errors. If 
these leaves are intimately related by hav- 
ing a number of characteristic features in 
common, how did Berry manage to dis- 
tinguish 7 different genera among them? 
Why did he not identify some as Kalmia 
and Rhododendron? Or the leaflets of 
Psidium? Homomorphy or convergence of 
characters in widely separated families is 
recognized, particularly in those with entire 
leaves; but, considering all the attendant 
circumstances, is this tendency common 
enough to cause multiple misidentifications 
by a trained morphologist? Let the reader 
discover for himself the answer to these 
questions by reading Berry’s descriptions 
and determining whether or not he detected 
and reported valid differences as a basis for 
his identifications. 

Berry stated (1916, p. 219) rather con- 
fidently that the leaves of his Capparis 
eocentca ‘‘can scarcely be distinguished from 
those of C. domingensis Sprengel.’’ Ac- 
tually, the resemblance is only superficial, 
as close inspection will disclose to the stu- 
dent capable of and seriously interested in 
making the comparison. His figures 1 and 2, 
plate 44, are clearly illustrations of leaves 
of a single species, but his figure 3 is just 
as clearly of something different. Figures 1 
and 2 show the aberrant secondary vena- 
tion of Leitneria, but figure 3 shows no such 
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venation. On magnification, the petiole is 
distinctly glandular and cross-wrinkled and 
thus, with its other features, is highly sug- 
gestive of being a leguminous leaflet. 

To which of the numerous legumes 
identified by Berry in the Eocene flora does 
this leaflet belong? What about the identity 
of his legumes? Here we run headon into 
difficulties and confusion. Compare his 
plate 47, figure 12 (Sophora wilcoxtana 
Berry) with plate 95, figure 5 (Laguncularia 
preracemosa Berry); and his plate 47, figure 
13 (Sophora wilcoxtana Berry) with plate 
95, figure 6 (Laguncularia preracemosa 
Berry). The two specimens compared in 
each couplet are counterparts! Sophora is a 
genus of legumes but Laguncularia is a 
so-called white mangrove far removed in 
classification from the legumes. Neverthe- 
less, all these specimens are legumes, with 
cross-wrinkled, glandular petioles. Further, 
if these specimens are to be called Sophora 
wilcoxiana the latter will have to include 
other specimens Berry identified as Cassta, 
Cedrela, Gleditsiophyllum, Mimosites, and 
Sapindus! 

In his 1930 revision of the Eocene flora 
Berry described 2 leaf species of Ment- 
spermites—M hardemanensis* Berry (p. 69, 
pl. 10, fig. 2) and M. americanus Berry (p. 
69, pl. 11, figs. 1-4); Zygophyllum? eocenicum 
Berry (p. 94, pl. 31, fig. 1); Leguminosites 
drepanocarpotdes Berry (p. 86, pl. 12, figs. 
11, 12); and 3 species of pods—Cladrastis 
eocenica Berry (p. 84, pl. 41, fig. 12), Park- 
insonia eocenica Berry (p. 77, pl. 12, fig. 9; 
pl. 41, fig. 11), and Leguminosites collinsi 
Berry (p. 89, pl. 13, figs. 6, 7; pl. 22, fig. 5; 
pl. 41, fig. 20). In no instance, however, did 
he refer to the leguminous genus Erythrina. 
Nevertheless, all of the foregoing items seem 
clearly referable to this genus. The deltoid 
to hastate leaflets, with their cross-wrinkled 
petioles, and the pods, with constrictions 
between the seeds, can be matched fairly 
closely against the similar organs of the 
coral-bean, E. herbacea Linnaeus, and its 
variety, arborea Chapman. In 1951 I col- 
lected specimens of this native legume on 
the shores of Tampa Bay, Florida. 

Further confusion of legumes and other 
things is illustrated by the treatment of 
Mimusops mississippiensis Berry (1916, p. 
340, pl. 108, fig. 1) and Metopium wil- 


coxtianum Berry (1916, p. 260, pl. 57, fig. 3). 
Both have the cross-wrinkled, glandular 
petioles and the characteristic venation of 
legumes, whereas Mimusops and Metopium 
are genera in other families. On the other 
hand, Metopium wilcoxianum Berry (1916, 
p. 260, pl. 101, figs. 1,3) is clearly assignable 
to Diospyros wilcoxiana Berry (1916, p. 334, 
pl. 101, figs. 1,3), which has the appearance 
of being a true persimmon. 

Berry had considerable artistic skill and 
liked to publish restorations of fossil plants, 
as witness the numerous text figures in his 
1930 U. S. Geological Survey Prof. Paper 
156. One of these, figure 9, a restoration of 
a palm, Sabalites grayanus (Lesquereux) 
Berry, needs comment for it illustrates 
further his oversight of significant mor- 
phological detail. The drawing was intended 
to represent both the upper and under sides 
of the leaves, but the observer will note that 
all the leaves have long, narrow, wedge- 
shaped projections (hastulae) of the petioles 
into the fans. In living species of Sabai, 
however, the long projection is on the under 
side, whereas that on the upper side is 
short and blunt. Good counterparts of a 
fossil Sabal leaf also show this feature 
plainly. When I pointed out to him this 
discrepancy in his sketch Berry jocosely re- 
marked, ‘‘Oh, that was poetic license!” 

When it fell to my lot in 1945 to curate all 
the Berry paleobotanical material not 
theretofore donated by the Johns Hopkins 
University to the U. S. National Museum, 
I found in the Eocene collections from the 
Gulf States two fragments of leaves, one 
(U.S.N.M. 36308) identified as Nectandra 
lanctfolia (Lesquereux) Berry, and _ the 
other (U.S.N.M. 36303) as Rhamnus cous- 
hatta Berry, species in unrelated families; 
but these pieces fitted together readily and 
made a nearly complete leaf! 

Aside from the foregoing and many other 
misidentifications in the Eocene flora, Berry 
erred seriously on at least two other occa- 
sions. In 1924 he described an object from 
Texas as a fossil gourd, Calycophysoides 
balli Berry. When I discovered that this 
specimen is an artifact called a Cape Cod 
firelighter and told him about it he very 
graciously made the correction (1937). In 
1929 (p. 8, pl. 1, figs. 13,14) he described 
what he supposed was the first fossil choco- 
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late-bean pod, Theobroma fossilium Berry, 
from Colombia, South America. This I 
found to be the forepart of a reptilian jaw, 
the remnants of its teeth having been mis- 
taken for seeds. 

In 1940 and 1944 when I started to do 
something about the confused state of the 
Eocene flora of the southern States Berry 
(1945) responded with generalized diver- 
sionary objections and the somewhat sar- 
castic remark that ‘if science [that is, 
paleobotany] is not to become a joke its 
votaries must refrain from making changes 
in which opinions and not facts are allowed 
to assume so leading a role.” Precisely, but 
let its votaries also profit from past mis- 
takes and refrain from rushing into print 
with half-baked observations and identi- 
fications that are later excused as inadver- 
tencies and poetic license. Let it be entirely 
clear that this recitation of errors is not in- 
tended to besmirch Berry’s great reputation 
and his character. He was my friend and 
teacher to whom I owe very much. 

Why did I not prepare a complete revi- 
sion of the Eocene flora when I had all the 
specimens at my elbow in the U. S. Na- 
tional Museum? I can answer this question, 
at least to my satisfaction. In 1929 when I 
became the paleobotanist of the U. S. 
Geological Survey for Mesozoic and Ceno- 
zoic floras I found the collections of those 
types and supplementary specimens at the 
U. S. National Museum in such unworkable 
condition that I had to devote a large part 
of my time to extensive curating before I 
deemed that good research could be done 
with them. This and the need for much field 
work to collect more material and to es- 
tablish correct stratigraphic sources for 
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many of the Paleocene collections with 
which I was more directly concerned, oc- 
cupied me so steadily that I had no time for 
the restudy of the Eocene flora. Here, how- 
ever, is a flora that needs and deserves con- 
centrated attention. 
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PELECYPODS OF THE GENUS PTEROTRIGONIA FROM THE 
WEST COAST OF NORTH AMERICA 
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U. S. Geological Survey, Menlo Park, California 





ABSTRACT—Three species of Pterotrigonia from Cretaceous rocks of the west coast 
of North America, P. evansana (Meek), P. klamathonia (Anderson), and P. oregana 


(Packard), are redescribed and figured. Trigonia inezana Packard and T. churchi 
Anderson are considered to be synonyms of P. evansana. T. deschutesensis Packard 
is considered to be a synonym of P. oregana. 

P. evansana ranges from the Coniacian to the Campanian; P. klamathonia 
ranges throughout the Turonian, and P. oregana ranges from lower or middle 


Albian to about upper Cenomanian. 











INTRODUCTION 


pence pelecypods belonging to the 
genus Pterotrigonia van Hoepen are 
locally abundant in Cretaceous rocks of the 
west coast of North America, but they have 
received little detailed study since Packard's 
(1921) monograph on ‘‘The Trigoniae from 
the Pacific Coast of North America.’’ Some 
species have never been adequately defined 
or figured, and confusion exists concerning 
the proper names to be applied. Also, their 
geologic ranges previously had not been 
adequately established and their use as 
stratigraphic markers consequently was 
diminished. 

Since publication of Packard’s mono- 
graph, the taxonomy of the trigonids has 
undergone much revision, due mainly to 
the work of van Hoepen (1929), Crickmay 
(1932), Dietrich (1933), Cox (1952), and 
Kobayashi and co-workers (1954, 1956, 
1957). A great proliferation of new generic 
and subgeneric names resulted from this 
work, with little agreement among the 
various workers as to the validity of many of 
these new names. The species that Packard 
originally assigned to the Aliformis sub- 
group of Agassiz’s Scabrae group are now 
placed in the genus Piterotrigonia van 
Hoepen (Kobayashi and Nakano, 1957, p. 
225, 226). Of the five species and varieties 
referred to this subgroup by Packard, four 
are discussed in this report. No specimens 
of the fifth species, Trigonia columbiana 


1 Publication authorized by the Director, U. S. 
Geological Survey. 
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Packard, have been collected by the writer, 
so nothing new can be added to its original 
description at this time. 

Large numbers of pterotrigonids were 
collected by the writer while mapping 
Upper Cretaceous rocks in the Yreka-Horn- 
brook area, northern California and south- 
ern Oregon. Additional collections were ob- 
tained in central Oregon and on Vancouver 
Island; these were supplemented by older 
collections of the U. S. Geological Survey, 
particularly those from the Santa Ana 
Mountains, southern California, and from 
southern Oregon. Many specimens in all of 
these collections can be accurately dated by 
reference to associated ammonites, and 
their study has resulted in a clearer under- 
standing of the morphology of the different 
species and a more accurate delimitation of 
their stratigraphic ranges. The known 
ranges are shown on text-figure 1. 

The localities from which the figured 
specimens were obtained are described in 
the following table and shown on the map, 
text-figure 2. 


LOCALITIES OF FIGURED SPECIMENS 
U. S. GEOLOGICAL SURVEY 
MESOZOIC LOCALITIES 


No locality number; A on locality map: Van- 
couver Island, near Nanaimo, exact lo- 
cality unknown. Coll.: J. S. Newberry, 
date unknown. 

No locality number; B on locality map: Central 
Oregon, Crooked River, probably South 
fork of Beaver Creek, exact locality un- 
known. Coll.: W. P. Blake, date un- 


known. 
2190: Grave Creek, Jackson County, Oregon, 
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TExT-FIG. 1—Geologic ranges of pterotrigonias 
from the west coast of North America. 


in sandstone, 50’ to 100’ above base; 
NE3#SE}, sec. 6, T. 34.S., R. 5 W. Coll.: 
T. W. Stanton, 1900. 

Jackson County, Oregon, Ashland 15’ 
quad. 3} mile north of Siskiyou Station. 
Coll.: T. W. Stanton, 1900. 

Jackson County, Oregon, Ashland 15’ 
quad., road cut on west side of U. S. 
Highway 99, NW3, sec. 24, T. 39 S., R. 
1 E. Coll.: F. G. Wells, 1938. 

Jackson County, Oregon, Ashland 15’ 
quad., SE3, sec. 17, T. 40 S., R. 2 E., on 
west side of U. S. Highway 99. Coll.: 
R.W. Imlay, 1954. 

Crook County, Oregon, Dayville 30’ 
quad., NW3, sec. 12, T. 17S., R. 25 E., 
3,000’ NE of Andrew Bernard ranch 
house, in first gully entering unnamed 
creek that flows into S. fork of Beaver 
Creek. Coll.: R. W. Imlay, 1957. 
Siskiyou County, California, Hornbrook 
15’ quad., sec. 7, T. 47 N., R. 6 W., 
1,250’ E., 2,650’ N., SW cor.; small hill 
on east side of Cottonwood Creek, north 
of bridge, 30’ to 40’ above creek. Coll.: 
D. L. Jones, 1957. 

Jackson County, Oregon, Ashland 15’ 


quad., sec. 16, T. 40 S., R. 2 E., 100’ E, 
400’ N. SW cor., about 23 miles north of 
Siskiyou Summit on west side of U. S. 
Highway 99. Coll.: D. L. Jones, 1958. 

: Crook County, Oregon, Dayville 30’ 
quad., sec. 11, T. 17 S., R. 25 E., 50’ 
W., 1,700’ S., NE cor., in small gully 
entering unnamed tributary of south 
og Beaver Creek. Coll.: D. L. Jones, 

: Crook County, Oregon, Dayville 30’ 
quad., sec. 11, T. 17 S., R. 25 E., on 
secondary tributary to south fork of 
Beaver Creek, 1,100’ upstream (North) 
from junction with primary tributary, 
4 mile NE of Andrew Bernard ranch 
house. Coll: Lawrence Vigrass, 1956. 

: Vancouver Island, B. C., Nanaimo 
Lakes 1£:50,000 topographic map 92 
F/1 East, Mountain District, Flynnfall 
Creek (Brannen Creek) about 1 mile 
upstream from junction with Brannen 
Lake. Coll: D. L. Jones, 1958. 

: Vancouver Island, B. C., Nanaimo 
Lakes 1:50,000 topographic map 92 F/1 
East, Mountain District, Flynnfall 
Creek (Brannan Creek) about 14 miles 
upstream from junction with Brannen 
Lake. Coll: D. L. Jones, 1958. 

: Vancouver Island, B. C., Elkhorn Creek, 
tributary to Nanaimo River, Nanaimo 
1:50,000 topographic map 92 G/4 West 
half, about } mile upstream from junc- 
tion with Nanaimo River, in float. Coll.: 
D. L. Jones, 1958. 

M-328: Siskiyou County, California; Hornbrook 
15’ quad., sec. 7, T. 47 N., R. 6 W., 
1,850’ E., 1,050’ N., SW cor., 20’ south 

of bridge across Cottonwood Creek, in 
rock blasted out for bridge foundation. 
Coll.: D. L. Jones, 1958. 

No locality number; C on locality map: Santa 
Ynez Mountains, Santa Barbara County, 
California. Exact locality unknown. Hol- 
otype of Trigonia inezana Packard, Univ. 

‘California no. 31464. Coll.: E. L. Pack- 
ard, date unknown. 

Orange County, California, Black Star 
Canyon 73’ quad., sec. 31, T.4S., R. 7 
W. 2,425’ N., 225’ E. af SW cor. Top of 
Holz shale. Coll.: Jack Vedder, 1950. 

N-330: Butte County, California, Paradise 15’ 
quad., sec. 23, T. 23 N., R. 2 E., on west 
bank of Big Chico Creek. Coll.: D. L. 
Jones, 1954. 

M-331: Butte County, California, Paradise 15’ 
quad., 3 miles northeast of concrete 
bridge over Big Butte Creek, on west 
bank of Butte Creek. Coll.: Rufus E. 
Cook, 1947. 


SYSTEMATIC DESCRIPTIONS 
Class PELECYPODA 
Genus PTEROTRIGONIA van Hoepen 
1929 
Type species (original designation) : Ptero- 
trigonia cristata van Hoepen, 1929. 
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TEXT-FIG. 2—Index map showing localities of figured specimens. 
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PTEROTRIGONIA EVANSANA (Meek) 
Pl. 59, figs. 6,7,12,15; 
pl. 60, figs. 1-11 

Trigonia evansana Meek, 1858, p. 42; Gabb, 1869, 
p. 247; Whiteaves, 1879, p. 161; Branner, Ar- 
nold, and Newsom, 1909, pl. 2, fig. 5; Stewart, 
1930, p. 93; Anderson, 1958, p. 114 (in part). 

Trigonta evansi Meek, Gabb, 1864, p. 189, pl. 25, 
fig. 177 (as T. evansit); Meek, 1346, p. 359, pl. 
2, fig. 7 (not 7a, 7b). 

Trigonia inezana Packard, 1921, p. 27, pl. 8, 
figs. 1a, b; pl. 9, fig. 1; pl. 10, fig. 1; Popenoe, 
1954, p. 18, fig. 8 (as 7. ynezana); hate. 
1958, p. 115. 

Trigonia churchi Anderson, 1958, p. 115, pl. 17, 


figs. 6,7. 
non-Trigonia evansi Meek, 1876, pl. 2, figs. 7a, 7b. 
non-Trigonia evansana Packard, 1921, pl. 9, figs. 


Description—Shell lunate, inequilateral, 
equivalve, moderately inflated, having 
greatest convexity in anterior one-third; 
posterior elongate, compressed. Umbones 
anterior, narrowly pointed, prominent, 
strongly opisthogyrate. Anterior margin 
gently rounded, tending to be flat; ventral 
and posteroventral margins broadly 
rounded; dorsal margin concave. Flanks 
ornamented with 16 to 20 strong, sharp, 
straight to slightly flexed radiating costae. 
Large, blunt, tubercles present on anterior 
costae. Escutcheon broad, depressed, with 
16 to 20 well-defined, transverse to slightly 
oblique, weakly tuberculate costellae. Me- 
dian dorsal ridge low. Area narrow, bipar- 
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tite, unornamented except for distinct 
transverse growth lines. 

Discusston.—Confusion exists concerning 
the relationship of Pterotrigonia evansana 
and P. inezana (Packard), due primarily to 
the lack of adequate illustrations of P. 
evansana. Meek (1876, pl. 2, figs. 7,7a,7b) 
illustrated two specimens as Trigonta evan- 
sana, one well preserved, the other nearly 
unidentifiable. Although Meek did not de- 
scribe the localities from which these two 
specimens were obtained, he did state that 
the species occurs in the ‘‘Cretaceous beds 
at Nanaimo, Vancouver’s Island.’’ Meek 
(1876, p. 360) further stated that: ‘Mr. 
William P. Blake also presented to the 
Smithsonian Institution some masses of 
rock from Crooked River, Oregon, contain- 
ing beautiful, sharply-defined moulds of 
this species.’’ Meek’s well preserved speci- 
men which he illustrated on plate 2, figures 
7a and 7b, is a gutta percha cast made from 
one of Blake’s Oregon molds, as was pre- 
viously pointed out by Stewart (1930, p. 
93). It is this Oregon specimen that Packard 
(1921, pl. 9, figs. 5,6) later refigured and 
cited as the type of 7. evansana, although 
he (1921, p. 25) also stated that the holo- 
type is the U. S. National Museum speci- 
men number 12452. This latter specimen is 
Meek’s original figured example from Van- 
couver Island. 

A comparison of Meek’s Oregon specimen 





EXPLANATION OF PLATE 59 
All figures natural size. 
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Fics. 1,3,4,8,14—Pterotrigonia klamathonia (Anderson). 1, left valve, rubber cast of U.S.N.M. No. 
130320, from U.S.G.S. Mesozoic Loc. 25228; 3, left valve, rubber cast of U.S.N.M. No. 
130321, from U.S.G.S. Mesozoic Loc. M-320; 4, right valve, rubber cast of U.S.N.M. 
No. 130322, from U.S.G.S. Mesozoic Loc. 2212; 8, right valve, rubber cast of U.S.N.M. 
No. 130323, from U.S.G.S. Mesozoic Loc. 17852; 14, left valve, rubber cast of U.S.N.M. No. 
130324, from U.S.G.S. Mesozoic Loc. 2212. 4 

2,5,9,10,11,13—Pterotrigonia oregana (Packard). 2, left valve, rubber cast of U.S.N.M. No. 
130325, from U.S.G.S. Mesozoic Loc. 2190; 5, right valve, rubber cast of U.S.N.M. No. 
130326, from U.S.G.S. Mesozoic Loc. M-322; 9, right valve, rubber cast of U.S.N.M. No. 
130327, from U.S.G.S. Mesozoic Loc. M-321; 10, Dorsal view, rubber cast of U.S.N.M. 
No. 130328, from U.S.G.S. Mesozoic Loc. 28709; 11, left valve, rubber cast of U.S.N.M. 


No. 130329, from U.S.G.S. Mesozoic Loc. 26709; 13, left valve, plaster cast of Meek’s 
(1876) original — ‘specimen illustrated on plate 2, figure 7a, U.S.N.M. No. 7528, 
index map locality B. 

6,7,12,15—Pterotrigonia evansana (Meek). 6, left valve, rubber cast of U.S.N.M. No. 130330, 
from U.S.G.S. Mesozoic Loc. M-302; 7, left valve, rubber cast of U.S.N.M. No. 130331, 
from U.S.G.S. Mesozoic Loc. M-328; 12,15, Dorsal view and right valve, U.S.N.M. No. 
130332, from U.S.G.S. Mesozoic Loc. M-330. 
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with well preserved specimens of P. evan- 
sana from Vancouver Island indicates that 
they are specifically distinct. Thus, the pri- 
mary distinction made by Packard (1921, 
p. 27) between T. evansana and T. inezana, 
that the former species has a wide bipartite 
area and the latter species a narrow bipar- 
tite area, is not valid because the compari- 
son was made with a much older and mor- 
phologically distinct species, not with T. 
evansana. 

All of the specimens of P. evansana known 
to the writer from Vancouver Island have a 
narrow bipartite area, so this feature cannot 
be used to separate P. evansana and P. 
inezana. In other features, such as general 
outline, size, and in the nature of the orna- 
mentation, the two species appear to be 
similar. Thus, P. tnezana is herein regarded 
as a subjective synonym of P. evansana. 

P. evansana has a fairly wide range of 
morphologic variation, particularly in re- 
gard to the shape of the costae. These may 
be nearly straight or slightly sinuous, de- 
pending, apparently, on the degree of con- 
vexity of the valves. This variation is not 
thought to be of specific importance. 

Age.—On Vancouver Island, Usher (1952, 
p. 11, 22) records P. evansana from the 
Haslam and Qualicum formations in associ- 
ation with Campanian fossils, including 
Canadoceras newberryanum (Meek) and 
Inoceramus schmidtt Michael. According to 
Popenoe (1954, p. 16, 17, table 1), P. evan- 
sana (cited as T. ynesana) occurs in the 
Santa Ana Mountains of southern Calif- 
ornia in the Holz silt and Pleasants sand- 
stone in association with Metaplacenticeras 
sp. and other fossils of Campanian age. In 
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the Yreka-Hornbrook area, northern Calif- 
ornia, P. evansana occurs in rocks of Cam- 
panian age, but specimens nearly identical 
to P. evansana also occur with the lower 
Coniacian ammonite Prionocycloceras cre- 
nulatum (Anderson) (see pl. 59, figs. 5,6,7). 
These older specimens appear to have some- 
what more widely spaced ribs than do the 
typical Campanian P. evansana, but this 
variation is not thought to be of specific 
importance. The known range for P. evan- 
sana is, thus, from lower Coniacian through 
the Campanian. 

Holotype-—U.S.N.M. no. 12452A. 

Type locality—The exact locality from 
which Meek’s holotype was collected can- 
not be determined other than probably 
either from the Haslam or Qualicum forma- 
tions in the vicinity of Nanaimo, Vancouver 
Island, British Columbia. The type locality 
of T. inezana Packard is likewise indeter- 
minable, other than from the Santa Inez 
Mountains, Santa Barbara County, Calif- 


.ornia. 


Figured spectmens—U.S.N.M. Nos. 
130330-130337, 12452A; U. Cal. 31464, 
from U.S.G.S. Mesozoic Localities M-302, 
M-323, M-324, M-325, M-328, M-329, 
M-330, M-331; index map localities A,C. 


PTEROTRIGONIA OREGANA (Packard) 
Pl. 59, figs, 2,5,9-11,13 


Trigonia evansi Meek, 1876, pl. 2, fig. 7a, 7b. 

Trigonia evansana Meek, Packard, 1921, p. 25, 
pl. 9, fig. 5, 6. 

Trigonia evansana var. oregana Packard, 1921, p. 
26, pl. 9, fig. 7; Stewart, 1930, Phila. Acad. 
Nat. Sci. Spec. Pub. no. 3, p. 93 (as T. evansana 
var. oregona) 

Trigonia oregona Packard, Anderson, 1958, p. 
116. 





EXPLANATION OF PLATE 60 
All figures natural size. 


Fics. 1-11—Pterotrigonia evansana (Meek). 1,10, left valve and dorsal view, U.S.N.M. No. 130333, 


from U.S 


Mesozoic Loc. M-331; 2,4, right valve and dorsal view, U.S.N.M. No. 


130334, from U.S.G.S. Mesozoic Loc. M-323; 3, left valve, rubber cast of U.S.N.M. No. 
130335, from U.S.G.S. Mesozoic Loc. M-324; 5, left valve, plastoholotype, U.S.N.M. No. 
12452A, index map locality A, Vancouver Island, B. C.; 6,9, dorsal view and left valve, 
U.S.N.M. No. 130336, from U.S.G.S. Mesozoic Loc. M-329; 7, left valve, rubber cast of 
U.S.N.M. No. 130337, from U.S.G.S. Mesozoic Loc. M-325; 8,11, dorsal view and right 
valve, holotype of Trigonia inezana Packard, University of California Type Coll. No. 


31464, index map locality C. 
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Trigonia deschutesensis Packard, 1921, p. 24, pl. 
10, fig. 3. 


Description.—Shell lunate, inequilateral, 
equivalve, moderately inflated, having 
greatest convexity in anterior one third. 
Umbones anterior, prominent, narrowly 
pointed, strongly opisthogyrate. Anterior 
margin gently rounded; ventral and postero- 
ventral margins broadly rounded; dorsal 
margin concave. Flanks ornamented with 
15 to 20 strong, sharp, straight to slightly 
flexed costae separated by concave inter- 
spaces. A few small tubercles present on 
anterior costae. Escutcheon broad, de- 
pressed, ornamented with 15 to 20 trans- 
verse to oblique costellae. Median dorsal 
ridge fairly prominent. Area wide, expand- 
ing rapidly posteriorly, bipartite, unorna- 
mented except for transverse growth lines. 

Remarks.—The pterotrigonids found on 
Beaver Creek (Crooked River), central 
Oregon have been referred to as Trigonia 
evansana. However, they differ consistently 
from P. evansana in having a much wider 
area and fewer and finer tubercles on the 
anterior costae. Because of these differ- 
ences, the Beaver Creek species deserves a 
new name. Packard (1921, p. 24, 26) recog- 
nized one new species, 7. deschutesensis, and 
one new variety, 7. evansana var. oregana, 
from the Beaver Creek locality. Both of 
these taxa, together with Meek’s original 
Oregon specimen, appear to constitute one 
species for which the specific names oregana 
and deschutesensis are available. Because 
the type of T. evansana var. oregana is better 
preserved and more typical of the species 
than is the type of T. deschutesensis, the 
name oregana is selected for the Beaver 
Creek species, despite the fact that deschu- 
tesensis has page priority. 

Stewart’s (1930, p. 93) emendation of the 
specific name oregana to oregona is not ac- 
cepted. Although it is probable that Pack- 
ard meant to name this variety after the 
state of Oregon, he did not actually state 
that this was his intention. Thus, no clear 
evidence exists that the original spelling is 
in error. 

Age.—At its type locality ‘on Beaver 
Creek in the Suplee area, central Oregon, 
P. oregana is associated with Desmoceramus 
(Pseudouhligella) berryae (Anderson) of 
probable lower Cenomanian age. Other 
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Cenomanian fossils, including Turrilites 
“oregonensis’’ Gabb and Anthonya cf. A. 
cultriformis Gabb are abundant 100 to 200 
feet below the trigonid locality. On Grave 
Creek in southwestern Oregon, P. oregana 
occurs with Megatrigonia (A piotrigonia) 
condont (Packard), Lyelliceras sp., Oxytro- 
pidoceras sp., and other fossils of probable 
middle Albian age. The known range of P. 
oregana is, therefore, from about middle 
Albian to perhaps middle or upper Ceno- 
manian; the upper limit cannot, as yet, be 
precisely determined. No evidence is avail- 
able to indicate that this species occurs in 
the Senonian as stated by Anderson (1958, 
p. 109). 

Holotype.—Specimen number 4 in the 
Condon Collection, Department of Geology, 
University of Oregon, Eugene, Oregon. 

Type locality University of Oregon Lo- 
cality 88, Crooked River, Oregon. The exact 
locality cannot be determined, but as the 
only place where this species is known to 
occur on the Crooked River drainage is on 
the south fork of Beaver Creek, northeast 
of the Andrew Bernard ranch _ house 
(U.S.G.S. Mesozoic Localities 26709, M- 
321, M-322), it is possible that this is the 
type locality. The exact locality of Blake’s 
specimen figured by Meek is not known, 
but possibly it came from this same locality. 

Figured specimens—U.S.N.M. Nos. 
130325—130329, 7528, from U.S.G.S. Meso- 
zoic Localities 26709, M-321, M-322, index 
map Locality C. 


PTEROTRIGONIA KLAMATHONIA 
(Anderson) 
Pl. 59, figs. 1,3-4,8,14 
Trigonia cf. T. evansana Meek, Popenoe, 1954, 


p. 18, fig. 6. 
Trigonia klamathonia Anderson, 1958, p. 112, pl. 


30, fig. 4. 

Description.—Shell small to moderate in 
size, lunate, inequilateral, equivalve; pos- 
terior elongate, compressed. Umbones an- 
terior, small, opisthogyrate. Anterior mar- 
gin gently rounded; ventral and postero- 
ventral margins broadly rounded; dorsal 
margin concave. Flanks ornamented with 
20 to 25 closely spaced, rounded, finely 
tuberculate costae. Escutcheon slightly de- 
pressed, narrow, ornamented with 20 to 25 
transverse costellae. Area wide, bipartite, 
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unornamented except for distinct trans- 
verse growth lines. 

Remarks.—This species has been com- 
monly mistaken for P. oregana. It differs 
from that species in having more numerous, 
closely spaced, finely tuberculate ribs. The 
width of the area of these two species is 
approximately the same. P. klamathonia 
differs from P. evansana (Meek) in having a 
wider area and more closely spaced, finely 
tuberculate ribs. 

Age.—P. klamathonia is abundant in 
Cretaceous sandstones outcropping south of 
Ashland, Oregon, where it occurs with the 
lower Turonian ammonite Tragodesmoceras 
ashlandicum (Anderson). Farther south in 
the Yreka-Hornbrook area, California, P. 
klamathonta occurs with the upper Turo- 
nian ammonite Subprionocyclus neptunt 
(Geinitz). It has not been found by the 
writer associated with the lower Coniacian 
“Prionotropis hiltensis” (= Prionocycloceras 
crenulatum) as stated by Anderson (1958, 
p. 112), but at one locality (U.S.G.S. Meso- 
zoic locality M-293) in Rocky Gulch, west 
of Hornbrook, poorly preserved specimens 
referable to P. klamathonia occur with P. 
evansana. The stratigraphic position of this 
locality corresponds approximately with 
that of Prionocycloceras crenulatum, so it is 
possible that P. klamathonita occurs occa- 
sionally in beds of early Coniacian age. 

Holotype.—California Academy of Science 
Type Coll. no. 10630. 

Type locality—The holotype was found 
about 4 miles south of Hilt, Siskiyou 
County, California, on the west side of 
Cottonwood Creek. 

Figured specimens—U.S.N.M. Nos. 
130320—-130324, from U.S.G.S. Mesozoic 
Localities 2212, 17852, 25228, M-320. 
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TYPE SPECIES OF PTILODICTY A—PTILODICTYA 
LANCEOLATA (GOLDFUSS) 


JUNE R. P. PHILLIPS ROSS 
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Asstract—This redescription of the type species of the cryptostome 


nus Ptilo- 


dictya, Ptilodictya lanceolata (Goldfuss), based on original material and additional 
specimens discusses zoarial structures and their development. 





INTRODUCTION 


ERTAIN cryptostome genera at present 
classified in the families Ptilodictyidae, 
Stictoporellidae and Rhinidictyidae (Bass- 
ler, 1953) have similar structure and devel- 
opment. The phylogenetic relations of these 
bifoliate genera represented by the type 
species Escharopora recta Hall, Stictoporella 
interstincta Ulrich, Graptodictya perelegans 
(Ulrich) and G. elegantula (Hall) are not 
known but distinctive zooecial wall struc- 
ture, mode of budding of zooecia, and de- 
velopment of zoaria suggest close relations. 
This study of Ptilodictya lanceolata shows 
that it has many similarities with this 
group of genera but the significance of this 
relation is at present obscure in that our 
knowledge of their distribution and succes- 
sion is very incomplete. 
Acknowledgments.—I am greatly indebted 
to Professor Carl O. Dunbar, Peabody 
Museum, Yale University, for his generous 
help with this bryozoan study; to Miss 
Helen Duncan, U. S. Geological Survey, 
Washington, for her helpful comments; 
to Dr. R. S. Boardman, U. S. National 
Museum, Washington, for his kind help, 
and to Dr. J. Schweitzer, Geologisch- 
Paliont. Institut, Bonn, Germany, for the 
loan of material to Peabody Museum. The 
text-figure is the work of Dr. C. A. Ross, 
Yale University. 


Genus PtiLopictyA Lonsdale 1839 


Type  species—Ptilodictya lanceolata 
(Goldfuss) 1826-1833. 


PTILODICTYA LANCEOLATA (Goldfuss) 
1826-1833 


Pl. 61, figs. 1-14; pl. 62, figs. 1-8 
Flustra lanceolata GoLpFuss 1826-1833, Petre- 


facta Germaniae, v. 1, p. 104, pl. 37, figs. 2a—2d. 

Ptilodictya lanceolata (Goldfuss) LONSDALE in 
Murchison, 1839, Silurian System, p. 676, pl. 
15, figs. 11, 11a—11c. 


Type material—Original specimen figured 
by Goldfuss (1826-33, pl. 37, figs. 2a,2b), 
no. 283, Geologisch-Palaont. Institut, Bonn, 
Germany; locality given by Goldfuss “in 
the region of Groningen, encrinite member 
of dense grey limestone” (translated from 
German). Hennig (1905, p. 20) made the 
note that the original specimens of Goldfuss 
were found in loose blocks of upper Silurian 
encrinite limestone at Groningen. Pre- 
sumably these blocks were found in the 
glacial drift so that the original locality and 
precise age of Goldfuss’ material cannot be 
determined, and no topotype material can 
be collected. 

The specimen figured by Goldfuss (1826- 
1833, pl. 37, figs. 2c,2d) has not been located. 

Additional material—vU. S. National 
Museum nos. 137911A-D, 137912-137914; 
Silurian, Wenlock, Dudley, England. 
USNM 137915-137934, Silurian, lower Lud- 
low, Mulde near Klinteham, Gotland. 
USNM 137935, Silurian, upper Llandovery 
Roneham, Gotland. 

Description.—Zoarium: This is a flat to 
subcylindrical slender bifoliate branch with- 
out bifurcations. The branch length and 
branch width vary greatly; young speci- 
mens are about 4.5 mm. long and 0.9 mm. 
wide (USNM 137929) and older, well de- 
veloped specimens range up to 26 mm. or 
more in length and are 7.0 mm. wide 
(USNM 137911). 

Zoaria grow from pointed proximal tips 
and in young specimens the zooecial sur- 
faces consist of a small number of smooth 
longitudinal ranges (USNM = 137929, 
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137930, 137932). About 1-3 mm. above the 
proximal tip in older specimens, a sharp 
annular ridge projects above the zooecial 
surface (USNM 137911, 137912, 137931, 
137933, 137934). This thickened ridge ap- 
parently represents the upper part of a 
joint and the proximal part of the zoarium 
below apparently articulated in a basal 
socket. The longitudinal ranges are con- 
tinuous across the annular ridge. 

Zooecia extend the complete width of 
branches and lateral margins are absent. In 
some specimens slight elevations develop 
regularly along the median ranges in the 
distal part of the zoarium (USNM 137912) 
but monticules are absent. 

The elongate zooecial apertures form 
well defined ranges which increase in num- 
ber distally by bilateral subdivision of 
zooecia in the median ranges (pl. 61, fig. 9). 
The ranges on a branch may be separated 
into a distinct median group lying between 
two lateral groups (pl. 61, fig. 8). Zooecial 
apertures in the median ranges open di- 
rectly to the surface and the transverse 
zooecial walls are at right angles to the 
lateral zooecial walls. Zooecial apertures in 
the lateral ranges are oblique to the surface 
and transverse zooecial walfs slope distally 
outward to the margin of the branch to 
meet the lateral zooecial walls obliquely. 

In the lower proximal part of zoaria, 
zooecial apertures are smaller and zooecial 
walls are thicker than in the more distal 
parts (compare pl. 61, fig. 13, with pl. 61, 
fig. 9). 

Acanthopores and mesopores are absent. 

The zooecial microstructures: The zooe- 
cium grows from the mesothecal plane asa set 
of thin walls which are laterally continuous 
with adjacent zooecial walls. The zooecia 
bud distally in longitudinal ranges and a 
small distal pore (0.04 mm. diameter) in the 
transverse wall connects suprajacent zo- 
oecia (pl. 62, fig. 6). Serial sectioning of 
USNM 137914 provided data on this bud- 
ding of zooecia in longitudinal ranges. In 
many zooecia, particularly in the lateral 
parts of the zoaria, small cysts lie against 
the mesothecal plane at the base of the 
zooecial tubes. The lamellate walls of such 
cysts are continuous into the lamellae of the 
inner zooecial walls and may represent rem- 
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nants of a reproductive stage of the zooecia. 
(pl. 62, figs. 5,6,8). 

In their growth outwards and upwards. 
from the mesothecal plane the zooecial 
tubes extend for a short distance (about 
0.2 mm.) at a low angle of 20° to 25° to the 
mesothecal plane. They then change direc- 
tion to make an angle of 55° to 65° with the 
mesothecal plane. The zooecial walls do not 
thicken noticeably where the zooecial tubes 
curve outward and no hemisepta are pres- 
ent. The zooecial wall, uniform in thickness 
in the mature region, has distally convex 
lamellae; the lamellae of the inner wall are 
inclined at a steep angle to the direction of 
growth of the zooecium and curve graduaily 
outward toward adjacent zooecia to form 
broad, distally convex lamellae of the outer 
wall (pl. 61, figs. 11,14; pl. 62, fig. 7). No 
boundary separates adjacent zooecial walls 
which are continuous from one zooecium to 
the next. 

The mesothecal plane is a thin bilaminate 


partition in the central axial part of the 


zoarium and is present even in the proximal 
part of the zoarium. However as the meso- 
thecal plane extends laterally toward the 
edges of the zoarium it loses its bilaminate 
identity but retains a position in the plane 
of bilateral symmetry. In these lateral re- 
gions the mesothecal plane becomes a band 
of convex lamellae which are continuous 
into the lamellate zooecial walls (pl. 62, 
fig. 4, text-fig. 1). The mesothecal plane 
where it joins with the early zooecial walls is 
sometimes pierced by a pore that connects 
zooecia on opposite sides of the mesothecal 
plane. 

In shallow tangential sections of older, 
well developed specimens, median ranges, 
5-9 in number, lie between lateral ranges, 
6-16 in number on each side. In laboratory 
preparation as the specimens are ground 
toward the mesothecal plane the number of 
median ranges diminishes until just above 
the mesothecal plane only a single median 
range with direct zooecia remains and all 
other ranges have distally oblique zooecial 
outlines. This apparently represents space 
adjustments of the zooecial tubes during 
their growth from the mesothecal plane. 
The median ranges may represent a region 
of minimal distal growth, the lateral ranges 
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representing regions of increasing distal 
growth with the outermost lateral ranges 
representing the point of maximal distal 
growth (see text fig. 1, page 444). 

Zooecial apertures are oval and generally 
when they are large in the median ranges 
they are small in the lateral ranges and vice 
versa. The zooecial walls in the median 
ranges are generally wider than those in 
lateral ranges and it is interesting to note 
that the wider zooecial walls occur in the 
area which may represent minimal distal 
growth. In tangential sections the zooecial 
walls are finely laminate (pl. 61, fig. 13). 
Occasionally in older parts of zoaria, 
pustules (0.01 mm. diameter) develop on 
the surface of the zooecial walls; as many 
as six may be present on one side of a zo- 
oecial aperture (pl. 62, fig. 3). However 
these small deposits are only observed in 
very shallow tangential sections. 

Transverse structures across the zooecial 
tubes are generally absent. In USNM 
137911A about 1.5 cm from the proximal 
tip, well defined hook-shaped structures 
project from some of the transverse walls 
(pl. 61, fig. 10). The lamellae in these struc- 
tures continue into the lamellae of the inner 
zooecial walls by making a sharp right 
angle bend. These structures were not ob- 
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served in other parts of the zoarium. 

Remarks. Lonsdale based his actual de- 
scription on the genus Pttlodictya and type 
species P. lanceolata on material from the 
Wenlock limestone, western slopes of the 
Malvern Hills, England, but also referred 
Goldfuss’ material (Flustra lanceolata) to 
this species. 

Ptilodictya lanceolata (Goldfuss) is a 
subjectively defined species which requires 
more precise definition because of the 
widespread distribution of the genus in 
Ordovician, Silurian, and Devonian rocks. 
The stratigraphic value of the species of this 
genus cannot be assessed until its zoarial 
structures and variability of species are 
fully known. The lectotype of P. lanceolate 
should be chosen from the two syntypes 
of Goldfuss (1826-1833). This however is 
not a satisfactory: selection as the geolog- 
ical occurrence of Goldfuss’ material is in 
glacial drift and the specimen No. 283, 
Bonn Museum, Germany, which is split 
for the most part along the mesothecal 
plane is poorly preserved. As any other 
action to define objectively P. lanceolata 
requires application to the International 
Zoological Commission, this species remains 
for the present subjectively defined. 

The wall structure of Pttlodictya lanceolata 





EXPLANATION OF PLATE 61 


Fics. 1!-14—Ptilodictya lanceolata (Goldfuss). 1, external view of Goldfuss’ 4 9 specimen which 
is broken across the mesothecal plane. Bonn Museum, no. 283. <3; 2, part of the external 
side view of Goldfuss’ original specimen showing the gently curved zooecial tubes which 
lack transverse structures. Bonn Museum, no. 283. X20; 3, smooth proximal tip of a 
young specimen. USNM 137927. X10; 4, proximal | of specimen with a low annular 
ridge. USNM 137916. X10; 5, proximal tip of a well developed zoarium with annular 
ridge. USNM 137934. X10; 6, proximal tip of zoarium with annular ridge. USNM 137933. 
X10; 7, proximal tip of zoarium with low annular ridge. USNM 137931. X10; 8, distal 
oe of a well developed branch with distinctly differentiated median and lateral ranges. 

SNM 137924. <6; 9, deep tangential section showing the increase of ranges by sub- 
division of a zooecium. USNM 137913. X50; 10, part of a longitudinal section through 
a zooecial tube with a hook-shaped structure projecting from the distal wall. USN 
137911A. X50; 11, part of a transverse section showing zooecia leaving the mesothecal 
we and continuous lamellate zooecial walls. USNM 137912. 100; 12, one half of a 
ongitudinal section showing distinct curvature of the zooecial tubes as they leave the 


immature region and narrow zooecial walls of the mature region. The mesothecal plane is 
on the right. USNM 137922. 50; 13, shallow tangential section showing two median 
ranges on the right and four lateral ranges on the left. Section cut in the proximal part of 
the zoarium. USNM 137911A. X50; 14, part of a transverse section showing zooecia 
leaving the narrow mesothecal plane and zooecial walls with broad distally convex lamellae. 


USNM 137914. 100. 
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TYPE SPECIES OF PTILODICTYA 


is similar to that in Escharopora recta Hall, 
Stictoporella interstincta Ulrich, Grapto- 
dictya perelegans (Ulrich) and G. elegantula 
(Hall). The outer zooecial wall of P. lanceo- 
lata is broader than that in the species men- 
tioned so that the distally convex lamellae 
of the outer wall have less curvature. P. 
lanceolata is also similar to these species in 
the development of the mesothecal plane by 
overlap of the early proximal parts of suc- 
ceeding zooecial walls. 

Both Ptilodictya lanceolata and Escharo- 
pora recta have well developed lamellate 
lateral extensions of the mesothecal plane 
but this feature is more strongly developed 
in P. lanceolata. As in E. recta and Sticto- 
porella interstincta tangential sections of 
well developed specimens of P. lanceolata 
commonly display pustules on the outer 
zooecial walls (pl. 62, fig. 3). P. lanceolata 
differs from these species in lacking hemi- 
septa and marked thickening of the zooecial 
walls in the mature region and having zo- 
oecia which are arranged in well defined 
median and lateral ranges. 

Specimens of P. lanceolata from the Wen- 
lock limestone of Dudley, England, are 
more robust, longer, and thicker than speci- 
mens from the Ludlovian calcareous clay of 
Mulde, Gotland. It is not known whether 
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these differences in size are the result of 
environmental effects or evolutionary 
changes. 

The specimen which Hisinger (1837, p. 
104) assigned to Flustra lanceolata Goldfuss 
has generally been placed by later workers 
in the synonymy of P. lanceolata. The ex- 
ternal features of this specimen as illus- 
trated by Hisinger (1837) do not appear to 
compare with Goldfuss’ material and it will 
be necessary to re-examine Hisinger’s speci- 
men before a satisfactory identification may 
be made. 
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EXPLANATION OF PLATE 62 


Fics. 1-8—Ptlodictya lanceolata (Goldfuss). 1, deep tangential section through the mesothecal plane 
showing narrow basal zooecial walls in the median ranges and dense lamellae of the outer 
extension of the mesothecal plane. Lateral zooecial tubes display the typical oblique 
orientation. USNM 137914. X50; 2, transverse section in the proximal part of a zoarium. 
The narrow part of the mesothecal plane is very short and this quickly gives way to the 
broad lamellate lateral extensions. USNM 137916. X50; 3, shallow tangential section 
showing lamellate zooecial walls with pustules in the outer walls. USNM 137935. X50; 4, 
transverse section in the lateral part of a zoarium showing lamellate mesothecal plane and 
zooecial walls. USNM 137911A. X50; 5, deep tangential section in the lateral part of a 
zoarium and approaching the mesothecal plane. The early part of the zooecial tubes are 
constricted by cysts which develop out of the inner zooecial wall. USNM 137914. X50; 
6, deep tangential section in the lateral pect of a zoarium showing a distal pore connecting 
adjacent zooecia in the same range. USNM 137914. X50; 7, longitudinal section showin 
a zooecial tube and lamellate zooecial walls which in their basal part leave the mesotheca 
plane on the right. USNM 137923. X50; 8, deep tangential section near the mesothecal 
plane with the median part of the zoarium near the left. Cysts develop out from the inner 
zooecial walls and in the lower part of the photograph a pore pierces the zooecial walls. 
USNM 137914. X50. 
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TExt-F1G. 1—Diagrammatic sketch of a well developed zoarium of Ptilodictya lanceolata (Goldfuss) 
showing structures in longitudinal, tangential, and transverse sections. X50 approx. 
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MIOCENE COPEPODS FROM THE MOJAVE DESERT, CALIFORNIA 


ALLISON R. PALMER! 
U. S. Geological Survey, Washington, D. C. ‘ 





ABSTRACT—Fossil copepods are described for the first time. An undetermined 
cyclopoid species and a harpacticoid assignable to the recent genus Cletocamptus are 
evidence that copepods of modern aspect existed by Miocene time. 





INTRODUCTION 


Rigen are abundant in marine and 
terrestrial waters throughout the world. 
Despite their nearly universal present-day 
distribution in these environments, fossil 
copepods of modern aspect have never been 
reported. 

A fossil arthropod 145 mm. long from 
Triassic deposits of the Vosges Mountains 
was described by Handlirsch (1914) and 
assigned to a suborder Archeocopepoda of 
the Order Copepoda. Since no modern cope- 
pod exceeds 17 mm. in length (Johnson, 
1958) the Triassic fossil on size alone, is 
atypical of the group. Its close morphologic 
affinities to the Copepoda have been ques- 
tioned by Gurney (1931, p. 36). 

A subfossil estuarine copepod that retains 
its original unaltered carapace was re- 
cently described from a clay bed six inches 
beneath a neolithic floor in Kent, England 
(Harding 1956, p. 1127). 

The purpose of this paper is to describe 
and illustrate for the first time undoubted 
fossil copepods representing two of the 
three free-living suborders of this subclass of 
Crustacea. 

The copepods described here are undis- 
torted, silicified specimens with some parts 
preserved in almost unbelievable detail. 

The specimens were obtained from in- 
soluble residues of small calcareous nodules 
less than 1 inck in diameter (pl. 63, fig. 2) 
that weather out of the middle part of a 15 
foot thick unit of laminated shale in the 
Barstow formation of middle and late 
Miocene age in the center NW} sec. 26, T. 
11 N., R. 1 W., Lane Mountain quadrangle, 
Mojave Desert, California (USGS Cenozoic 
locality 21416). The shale, an underlying 
unit of thin-bedded brown-weathering sand- 
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stone, and an overlying unit of thin-bedded 
gray-weathering sandstone dip steeply to 
the south and crop out’in a series of low 
knobs that extend for nearly one half mile 
in an east-west direction a few hundred feet 
south of the base of a prominent isolated 
andesite hill that rises about 500 feet above 
the surrounding desert (pl. 63, fig. 8). 

The writer first visited the locality of 
copepod-bearing nodules in the summer of 
1954 at the suggestion of T. W. Dibblee, Jr. 
and obtained a small collection of nodules. 
At the time they were not known to be 
fossiliferous. Poorly preserved but recogniz- 
able copepods were discovered in formic 
acid residues of these nodules in the winter 
of 1955. The following summer all the nod- 
ules weathering from the entire length of 
the outcrop, amounting to several hundred 
specimens, were collected. A. M. Bassett, 
J. A. Patten and R. E. Burkholder, all of the 
U. S. Geological Survey, assisted in collect- 
ing the nodules. 

Preliminary information on the fossil 
copepods was provided by T. E. Bowman of 
the Division of Marine Invertebrates, U. S. 
National Museum, Washington, D. C. The 
writer is particularly indebted to Mildred S. 
Wilson, Arctic Health Research Center, 
Anchorage, Alaska, who examined the 
photographs, critically reviewed the draw- 
ings and the manuscript, and provided all 
information regarding taxonomic affinities of 
the fossils. 

Four male and three female harpacticoid 
copepods, and three cyclopoid copepods of 
undetermined sex were recovered from the 
insoluble residues. In addition, silicified 
specimens of moderately well preserved 
fairy shrimp and poorly preserved larvae 
and pupae of one or two species of Diptera 
were obtained, similar to those already de- 
scribed in beds of the Barstow formation 10 
miles to the southeast (Palmer, 1957). 
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The best preserved specimens are two 
female harpacticoids that appear to be 
conspecific. A cluster of eggs beneath the 
urosome of one of these (pl. 63, figs. 3,6) in- 
dicates that the specimen was mature. The 
second specimen, approximately the same 
size as the first (pl. 63, fig. 1), has the exo- 
pods of all of the legs on the left side, the 
first and second antennae and the caudai 
rami preserved. 

The male harpacticoids are slightly 
smaller than the females. On one specimen 
(pl. 63, fig. 5), the antennules, rostrum and 
first and second legs on the left side can be 
resolved. The third leg on the right side of a 
second male specimen was observed. The 
males and females each have structures 
characteristic of Cletocamptus, and identical 
caudal rami. They are considered here to be 
most likely conspecific. 

The cyclopoid copepods are not well 
enough preserved for comparison in detail 
with other copepods. Their presence does 
establish however, that harpacticoid and 
cyclopoid copepods were already differ- 
entiated by Miocene time. 

Study of the fossil copepods is particu- 
larly difficult because of their small size 
(largest specimen 0.7 mm. long) and _ be- 
cause they cannot be completely cleaned of 
fine-grained debris or dissected without 
danger of destroying the entire specimen. 
For critical examination, the extremely 
minute structures on the appendages were 
most clearly shown when a specimen was 
placed in a dished glass slide and submerged 
in alcohol or acetone. These liquids, how- 
ever, have the disadvantage of rapid evapo- 
ration causing convection currents within 
the liquid that often move the specimen. 
This movement is particularly distracting 
at the high magnification (about 600 X)re- 
quired for study. 

The specimens were illuminated from 
below for study and photography by raising 
the glass slide about one inch above the 
microscope base and reflecting a bright 
spotlight on a sheet of white paper placed 
below the slide. This method provides much 
more satisfactory illumination than using a 
standard arrangement with direct trans- 
mitted light from below. Because of the 
movement of the specimens when sub- 
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merged in alcohol and acetone, they were 
submerged in water for photography. De- 
tail drawings of those parts that could be 
resolved at 600 X with a binocular biological 
microscope were prepared by transferring 
the image of each part from an ocular grid to 
graph paper. 


SYSTEMATIC DESCRIPTIONS 


Class CRUSTACEA 
Subclass COPEPODA 
Order PODOPLEA 
Suborder CYCLOPOIDA 
Genus and species undetermined 
Pl. 63, figs. 4,7 


Material studied—3 specimens, sex un- 
known, average length 0.6 mm. 

Description—Prosome (Gooding, 1957, 
p. 196) broad, subovate in outline, width 
about 0.25 mm.; length about 0.4 mm.; 
greatest width at posterior margin of the 
cephalothorax. Urosome slender, subcylin- 
drical, width about 0.06 mm., length about 
0.2 mm. Caudal rami stout, length greater 
than that of last abdominal segment. Right 
antenna present on one specimen. Preserved 
part (which may not be all of antenna) 
shorter than prosome, without discernible 
segmentation. No other features of the 
fossils are resolvable. 

Discusston.—These small crustaceans can 
be definitely placed in the suborder Cyclo- 
poida because of their distinctive body 
shape, with a broad prosome and a narrow 
urosome. Absence of knowledge of the ap- 
pendages prevents any closer identification. 
The body shape of this species distinguishes 
it from the associated harpacticoid copepods 
which have little differentiation in breadth 
between the prosome and urosome. 

Figured specimen.—Incomplete silicified 
specimen, USNM 563437, from USGS 
Cenozoic locality 21416. 


Suborder HARPACTICOIDA 
Family CLETODIDAE 
CLETOCAMPTUS sp. 
Pl. 63, figs. 1,3,5,6; text-fig. 1 
Material studied.—4 7, average length be- 
tween 0.55 and 0.60 mm.; 39, one with 


eggs, average length, 0.75 mm. 
Description—Female: Length between 




















0.7 and 0.8 mm. Body slender, greatest 
width about one-fourth length. Urosome 
about three-fifths length of prosome. Genital 
segment distinctly separated dorsally and 
at least in part ventrally (pl. 63, figs. 1,3). 
Surface of cuticle on all body segments 
smooth. Posterior dorsal margin on each 
ursomal segment with apparently con- 
tinuous row of fine, short spinules or hairs. 
Operculum not apparent, certainly without 
conspicuous spiny margin. Caudal rami 
(Text fig. 1d,h) long, slender; width at base 
slightly less than two-thirds length. Two 
short outer lateral setae have common base 
located near proximal part of ramus. Caudal 
setae consisting of incomplete stout middle 
seta a little longer than ramus, and part of 
slender outer seta fused with base of middle 
seta; usual inner seta not observed. Rostrum 
well developed, with bluntly rounded apex. 

Antennule (text-fig. 11) composed of at 
least seven segments; aesthete of segment 4 
broken, length not known. Ratio of length 
of first four segments to length of three 
terminal segments about 2:1. Antennae 
composed of at least two segments subequal 
in length. Four or five setae present on blunt 
tip of terminal segment. 

Mandible, maxilliped and endopods of all 
legs not resolvable on specimens studied. 

Legs 1-3, details not resolvable. 

Leg 4 (text-fig. 1a), exopod 3-segmented, 
outer setae present on distal parts of seg- 
ments 1 and 2 and medial part of segment 
3. At least two long slender apical setae. 
Comb of short spinules present on outer 
margin of segment 1. 

Leg 5 (text-fig. 1b) outer part of basal ex- 
pansion with single seta; inner part of basal 
expansion not completely resolved, but 
with at least two long slender setae. Exopod 
not distinctly separated from basal expan- 
sion, bearing four terminal setae; outermost 
and innermost setae broken, the remaining 
two distinctly unequal in length. 

Egg sac with seven large eggs. 

Male: Length between 0.55 and 0.60 mm. 
Body slender, shape similar to that of fe- 
male. Rostrum well developed (pl. 1, fig. 5); 
apex bluntly rounded, with hairy margin. 
Caudal rami as in female. 

Antennule (pl. 63, fig. 5) modified and ap- 
parently geniculate, segmentation obscured, 
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the part beyond the middle enlarged, the 
apex narrowed but of indeterminate struc- 
ture. Antenna (text-fig. 1g) 3-segmented, 
with at least two long slender terminal 
setae on segment 3. Two terminal segments 
subequal in length; longer than basal seg- 
ment. 

Leg 1 (text-fig. 1c) with exopod presum- 
ably 3-segmented (first segment obscured on 
specimen studied), and endopod 2-seg- 
mented. Exopod segment 2 with prominent 
inner seta; the outer spine not preserved, 
but two distal prominences present (these 
represent marginal spinules or segmental 
processes usually found at the point of in- 
sertion of the spine). Segment 3 with four 
terminal spines or setae. Endopod reaching 
to near end of exopod; sement 1 with promi- 
nent inner seta; segment 2 with at least two 
terminal setae of indeterminate length. 

Leg 2 (text-fig. 1f) with 3-segmented exo- 
pod having a prominent spiniform inner 
seta on the distal parts of segments 2 and 3 
and: a row of hairs on the inner margin of 
segment 1. Single stout outer spines present 
on distal parts of segments 1 and 2. Details 
of segment 3 not clearly resolved, but appear 
to be as shown with single outer spine and 2 
apical setae. Presence or absence of second 
outer subapical spine present in known spe- 
cies of Cletocamptus could not be deter- 
mined. Endopod short, about equal in 
length to segment 1 of exopod; number of 
segments not certain. Terminal part of last 
segment with three apical setae, outer one 
short, spiniform; inner two long, slender, 
apparently unbroken; innermost seems to be 
longest. 

Leg 3 (text-fig. le) with 3-segmented 
exopod. Single, spiniform inner setae on dis- 
tal parts of segments 2 and 3; single stout 
outer spines on segments 1 and 2. Segment 
3 with two apparently slender outer spines 
and two apical setae, inner one curved, 
outer one broken. Endopod not certainly 
determined. 

Legs 4 and 5 not resolvable on specimens 
examined. 

Discussion.—Most of the characters cited 
in the description were derived from study 
of the female and male shown on plate 63, 
figs. 1 and 5. The specimens are placed with 
reasonable confidence in Cletocamptus on the 
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following combination of characters: anten- 
nule of female 7-segmented, with aesthete 
on segment 4; female genital segment dis- 
tinctly separated dorsally; exopod of leg 5 
of female not clearly differentiated from the 
basal expansion; well developed rostrum and 
the outer and middle caudal setae fused at 
bases in both sexes; and 2-segmented en- 
dopod and 3-segmented exopod of leg 1 of 
male. 

Although a remarkable number of struc- 
tures are preserved on the fossils, incom- 
plete or lacking information about the fol- 
lowing prohibit specific identification: num- 
ber and lengths of setae and spines on the 
legs; structure and armature of the endo- 
pods of legs 2 to 4 of both sexes, legs 4 and 
5 of the male, leg 5 of the female. The fossil 
species is similar to Cletocamptus albuquer- 
quensis (Herrick) in having the outer and 
middle caudal setae fused at the base. This 
character distinguishes it from all other 
western hemisphere species assigned to 
Cletocamptus except C. dominicanus Kiefer 
which has been considered a synonym of C. 
albuquerquensits by Lang (1948, p. 1277). 
Cletocamptus retrogressus Schwankenwitsch, 
and C. confluens (Schmeil), recorded from 
many parts of Eurasia and North Africa by 
Lang (1947, p. 1276, 1280), also have this 
character but differ from the fossil species in 
having a 6-segmented antennule and much 
shorter distance of fusion of the caudal 
setae respectively. 

The fossil species differs from C. albu- 
querquensis in having a 7-segmented rather 
than a 6-segmented antennule, and in hav- 
ing the second endopod segment of leg 1 
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equal in length only to segment 3 of the 
exopod rather than to the combined lengths 
of segments 2 and 3 of the exopod. It is 
probable that the fossils represent a species 
related to C. albuquerquensis. 

In North America, C. albuquerquensts is 
known mostly from inland brackish and 
saline lakes and ponds in New Mexico, 
Colorado, Nevada, Utah, Texas, Oklahoma, 
North Dakota and Saskatchewan; how- 
ever, some of the reported bodies of water 
may be fresh and some are recorded as 
alkaline (M. S. Wilson, written communica- 
tions Aug. 1958, Jan. 1959). An alkaline en- 
vironment has been postulated for the 
aquatic arthropod fauna from the Miocene 
Barstow formation a few miles south of the 
copepod locality in the southern Calico 
Mountains (Palmer, 1957). Fairy shrimp 
and midges typical of this fauna have been 
found associated with the fossil copepods. 

Figured specimens: Female with eggs, 
USNM 563435; female with legs of left side 
preserved, USNM 563434; male, USNM 
563436, all from USGS Cenozoic locality 
21416. 
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TEXT-FIG.-1—Cletocamptus sp.: a, female, leg 4, exopod; b, female, leg 5; c, male, leg 1, endopod and 
segments 2 and 3 of exopod; d, female, last body segment, caudal rami and basal parts of fused 
caudal setae, ventral view; e, male, leg 3, exopod; f, male, leg 2, apex of endopod segment 2 and 
exopod; g, male, 2nd antenna; h, female, left caudal ramus and fused caudal setae, outer side view; i, 
female, outline of antennule. Figures a,b,d,h,i from female, USNM 563434, pl. 63, fig. 1; figures c,f 
from male, USNM 563436, pl. 63, fig. 5; figures e,g from male, USNM 563435, not photographed. 
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EXPLANATION OF PLATE 63 


Fics. 1,3,5,6—Cletocamptus sp., X90. 1, female, left side view, USNM 563434; 3,6, female, right 
and left side views showing eggs, USNM 563435; 5, male, dorsal view showing charac- 
teristic antennules and rostrum, USNM 563436. 
2—Characteristic nodule from which copepods were obtained, X2. 
4,7—-Cyclopoid, genus and species undetermined, X90. Top and right side views of single 
specimen, sex undetermined, USNM 563437. 
8—Stereophoto of locality of copepod bearing nodules (between arrows) southwestern part of 
Lane Mountain quadrangle, Mojave Desert, California. Prominent hill is hill 3370. 
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FOSSIL CHLOROPHYCEAN ALGAE FROM THE 
MIOCENE OF OREGON 


JANE GRAY 
Geochronology Laboratories, University of Arizona, Tucson 





ABSTRACT—Two genera of fossil fresh-water algae, Pediastrum and Botryococcus, 


and several specimens tentatively referred to Tetraedron, are recorded from lacu- 
strine-fluviatile sediments of the late Middle Miocene Mascall formation from the 
John Day Basin, Oregon, and from strata equivalent in age or somewhat younger 
from the Blue Mountains to the northeast, and the Stinking Water Basin to the 
south. The fossil Pediastrum and Botryococcus are compared with the living species, 
P. boryanum, P. duplex and B. braunii on the basis of gross morphology. Specimers 
referred to Pediastrum are the first record of this genus in North American Tertiary 


sediments. 





INTRODUCTION 


pan recent papers have focused at- 
tention on the geologic longevity of cer- 
tain microscopic fresh-water members of 
the Chlorophyta or green algae (Cookson, 
1953; Wilson & Hoffmeister, 1953; Traverse, 
1955a, 1955b). Lime-secreting members of 
this division are common fossils in marine 
sediments and among the important rock 
makers. Many are well preserved back to 
the Paleozoic. The fossil record of micro- 
scopic fresh-water green algae is only now 
being documented, however, because of ex- 
tensive palynological work with all types of 
sediments. These microscopic forms have 
firm cell walls composed of extremely re- 
sistant cellulose and pectic substances. Es- 
sentially the entire organism is thus pre- 
served through millions of years without 
alteration. 


The fossil Pediastrum, Botryococcus, and 
Tetraedron?, together with specimens re- 
sembling Scenedesmus, and_ unicellular 
chlorococcoid forms similar to Protococcus, 
Chlorococcus, Chlorella, and others, were dis- 
covered while examining for pollen, Mio- 
cene diatomaceous ash sediments resting on 
and interbedded with the Columbia River 
basalt in east-central Oregon. The lakes and 
marshes in which these sediments were de- 
posited were formed in irregularities of the 
basalt surface as the drainage systems were 
impaired by lava flows and ash falls, and 
volcanic activity and deformation were 
increasing the height of the Cascades to the 
point where they formed a barrier to west- 
ward-flowing streams. Plant and animal re- 
mains have been collected from these fresh- 
water sediments for nearly a hundred years, 
but, other than diatoms, no microorganisms 





EXPLANATION OF PLATE 64 
Photomicrographs of fossil algae from the Mascall, Blue Mountains and Stinking Water micro- 


floras. 


Fics. 1-2—Botryococcus cf. B. braunii Kiitzing. 1, Blue Mountains, Oregon (Austin locality), X 750. 
2, Stinking Water, Oregon (loc. P4121), X970. : 
3-4—Botryococcus braunii Kiitzing. Specimens from Pleistocene sediments from the Channing 
Basin, Channing, West Texas. 3, X1000; 4, 750. 
5-6—Pediastrum cf. P. boryanum (Turpin) Meneghini. Stinking Water, Oregon (loc. P4121). 


5, X600; 6, X750. 


7—Pediastrum cf. P. duplex? Meyen. Stinking Water, Oregon (loc. P4121), 750. 
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have been previously noted. Abundant fossil 
pollen and spores attest to prolific ‘‘pollen- 
rains’ from the surrounding vegetation, and 
the diatoms and other algae suggest that 
autothonous forms of plant life may have 
been abundant in these lakes and marshes. 

The microfossils have been liberated and 
concentrated from the ash by means of 
hydrofluoric acid, Schultz solution (nitric 
acid and potassium chlorate), and potassium 
hydroxide. The residue of organic material 
following this treatment was thoroughly 
rinsed with water, dehydrated with abso- 
lute alcohol, stained with basic fuchsin, and 
mounted for study in glycerine. Specimens 
of algae have been isolated in single mount 
glycerine jelly preparations which will be on 
permanent file at the Museum of Paleon- 
tology, University of California, Berkeley. 

Acknowledgements.—I would like to ex- 
tend special thanks to Drs. G. W. Prescott 
and G. M. Smith for information about the 
alga Pediastrum, and to Dr. Prescott for 
critical reading of the manuscript. I would 
also like to thank Howard Hamman, Jr., 
and Donald Elkin for assistance in preparing 
the text-figures and Mrs. Helen Griffin for 
typing the manuscript. 


LOCATION AND AGE OF SEDIMENTS 


Microscopic fossil algae are known from 
the John Day Basin (1); the Blue Mountains 
(2); the Stinking Water Basin (3) (text-fig. 
1). Similarity in the composition of the 
mega- and microfloras at these localities, as 
well as in the stratigraphic relations of the 
basalt and plant-bearing sediments, indi- 
cate that the floras from these three areas of 
the Columbia Plateau are essentially con- 
temporaneous (Chaney, 1959; Gray, 1958). 

John Day Basin—The Mascall forma- 
tion is a series of predominantly lacustrine- 
deposited, light-colored ash and tuff beds 
presently confined in distribution to the 
valley of the East Fork of the John Day 
River. The sediments appear to be conform- 
able with the underlying lava, and may be, 
in part, interbedded with it, although struc- 
tural conditions have obscured .the exact 
nature of the contact (Merriam, 1901; 
Thayer & Hay, 1950; Chaney, 1959). The 
Pliocene Rattlesnake formation uncon- 
formably overlies the Mascall. 


The stratigraphic relations and the rela- 
tive age of the Mascall formation were first 
perceived by Merriam (1901), although he 
did not specify an age, other than Miocene, 
for the formation. Merriam & Sinclair 
(1907, p. 197) referred the Mascall ‘‘to the 
middle or later portion of the Miocene,” on 
the basis of faunal and stratigraphic evi- 
dence, and Downs (1956, p. 321) has con- 
cluded from recent study of the Mascall 
fauna that it “existed within Heming- 
fordian (middle Miocene) and Barstovian 
(late Miocene) time.” The plant horizons 
occur stratigraphically several hundred feet 
below the mammalian levels, usually within 
two or three hundred feet of the basal con- 
tact of the ash with the Columbia River 
basalt, or immediately overlying it (Downs, 
1956; Chaney, 1959). A late Middle Miocene 
age appears probable for the Mascall flora. 

The two Mascall localities, Meadow and 
Riverbank, from which algae have been re- 
covered, lie about 900 feet apart, on the 
north bank of the East fork of the John 
Day River about 13 miles east of Dayville 
(U. S. 26), U.S.G.S. Aldrich Mountains 
Quadrangle, 1943 ed., Grant Co., Oregon. 

Blue Mountains—The Blue Mountains 
fossil plant localities are within the drain- 
age basin of the Middle Fork of the John 
Day River, 40 to 45 miles northeast of the 
type locality of the Mascall flora. The plant 
bearing tuffs in this area are lithologically 
identical to the Mascall sediments; here and 
immediately to the east they are inter- 
bedded with the Columbia River basalt, in- 
dicating that the sediments and lava are in 
part, at least, contemporaneous. Pardee & 
Hewett (1914) and Gilluly (1937) correlate 
the lacustrine and fluviatile deposits and 
interbedded lava in this area with the Mas- 
call formation and the Columbia River 
basalt. They do not extend the name ‘‘Mas- 
call,”” however, to the local development of 
these sediments. 

Algae have been recovered from only one 
of the Blue Mountains plant localities 
(Austin). This occurs on the west side of the 
Sumpter Valley Railroad cut about a quar- 
ter of a mile south of the now abandoned 
Austin Railroad Station, U.S.G.S., Sumpter 
Valley Quadrangle, 1901 ed., Grant Co., 
Oregon. 

Stinking Water Basin—The Stinking 
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TEXT-FIG. 1—Localities of fossil algae. 


Water Basin is located about 60 miles south 
of the John Day Valley. Here over an area 
of several miles, structural conditions in the 
underlying basalt have allowed preservation 
of a thick series of tuffaceous shales, which 
interfinger with the basalt below, and 
usually are separated by overlying flows 
from younger, lithologically similar sedi- 
ments above. The plant fossils have come 
from the central part of the basin where the 


beds are almost horizontal or dip gently to 
the east. 

Algae have been recovered from two 
localities in the Stinking Water Basin. 
Locality P4006 occurs on the west and 
southwest bank of a small tributary to 
Stinking Water Creek about 36 miles east of 
Burns, and some 5 miles south of U. S. 
Highway 20, Map 16, CCC Grazing Serv- 
ice, northeastern Harney Co., Oregon. 
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Sediments at a second site (Trapa locality, 
P4121), may be somewhat younger than 
those at P4006. The fossil plant horizon at 
P4121, which is about 5 miles to the north- 
east of P4006, lies stratigraphically higher 
in the section than the other, and is devoid 
of diagnostic megascopic plant remains. The 
microflora does not give precise indication 
of the age of the sediments and recent dis- 
covery of vertebrate remains nearby sug- 
gests that they may be as young as lower 
Pliocene (J. Arnold Shotwell, personal com- 
munication, 1956). 


OCCURRENCE OF THE MICROSCOPIC 
FOSSIL ALGAE 


PEDIASTRUM 


Previous fossil records—Although Pedi- 
astrum is widely reported from Pleistocene 
sediments (Faegri & Iversen, 1950; Cook- 
son, 1953; Borge & Erdtman, 1954), records 
of its occurrence from the Tertiary are un- 
common. Davis (1916) referred to Pedi- 
astrum, a cellular type of algal body from 
the Eocene Green River shale, but neither 
described nor figured the material. Bradley 


(1929b, 1931) believed the specimen to be 


more similar to Coelastrum, remarking 
(1929b, p. 424) that “the number of the 
cells, their size, and the general aspect are 
nearly enough like C. verrucosum to warrant 
the suggestion that the fossil may be a spe- 
cies of Coelastrum comparable to C. ver- 
rucosum Reinsch.”’ Iversen (1936) men- 
tioned recovery of Pedtastrum colonies as 
secondary constituents from samples of 
boulder clay from Denmark. These speci- 
mens occurred with other microfossils and 
pollen of Tertiary and interglacial age. 
While none of them can be said to stem un- 
questionably from pre-Quaternary sedi- 
ments, their association with Tertiary 
pollen suggests that some, at least, may also 
have been derived from older deposits. 
Erdtman (1936) briefly mentioned speci- 
mens of Pediastrum referred to P. boryanum 
(Borge & Erdtman, 1954) from the Headon 
beds (Oligocene or possibly Eocene) from 
the Isle of Wight. Wilson &. Hoffmeister 
(1953) isolated abundant Pediastrum colo- 
nies from shale of probable Eocene age from 
Sumatra, from among which they described 
four new species, and Cookson (1953) has 
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reported specimens of P. boryanum from 
carbonaceous shales of (?) early Tertiary 
age from South Australia and late Tertiary 
age from Victoria. I have also recovered 
colonies of Pediastrum cf. P. boryanum from 
the Florissant paper shales of Oligocene age 
(McGinitie, 1953) and specimens of the 
same morphologic type from the Pliocene 
Bidahochi formation of northeastern 
Arizona. 

Oregon material—At least two distinct 
species of Pediastrum have been isolated 
from Mascall (Riverbank) and Stinking 
Water Basin sediments (P4006, P4121); 
none have been recovered from Blue Moun- 
tains. The most abundant of these resembles 
P. boryanum (Turpin) Meneghini, a com- 
mon green alga of essentially cosmopolitan 
distribution. The fossil specimens appear to 
be fully compatible morphologically with 
this living organism. 

The colonies consist of uniseriate, non- 
perforated discs, usually more or less round 
in outline (pl. 64, figs. 5,6). The individual 
cells are polygonal, more or less regularly 
4-6-sided, with the cell walls conspicuously 
marked. The marginal coenocytes are ter- 
minated to the exterior by two straight, 
roughly conical, blunt-tipped processes. The 
coenobia show considerable range in size 
(colonies from about 30 to 165 microns in 
diameter have been observed), and cell 
numbers. The determination of the exact 
number of cells is frequently difficult be- 
cause the colonies are often incomplete 
and/or the cell walls have deteriorated. 
Colonies with 4, 8, and 16 coenocytes are 
figured together with the outline of a small 
marginal portion of one of the larger 
colonies for size comparison (text-fig. 2). 
The cell membrane of these specimens are 
smooth (pl. 64, fig. 6) or slightly warty 
(pl. 64, fig. 5). 

Rarely occurring fossils in the Stinking 
Water and Trapa microfloras may be com- 
pared most closely with the living P. duplex 
Meyen (pl, 64, fig. 7; text-fig. 2f). Their 
coenobia also consist of a uniserate disc of 
coenocytes, but prominently perforated, 
with the central cell absent. Many of the 
colonies consist of 16 cells, although some 
with greater and smaller numbers have also 
been seen. The coenocytes are arranged in 
concentric rings, two in the 16-celled forms 
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to five or more in colonies with larger num- 
bers of cells. The coenocytes are polygonal, 
4-5-sided; those on the periphery terminate 
with bifurcating, blunt-tipped processes. 
On all specimens, the inside cells make either 
a single or a double point of contact with 
cells in the next outside ring. The coenocyte 
membrane is pitted or micro-reticulated 
among the former; it is smooth among 
those colonies with the latter configuration. 
The perforations, where neither collapsed, 
nor distorted, are slightly smaller than the 
individual inner coenocytes, but similar in 
shape to them. The colonies seen range from 
about 40 to 116. microns in diameter. 

The fossil non-perforated colonies un- 
questionably resemble P. boryanum. Some 
workers comparing Tertiary specimens with 
this living alga, have accepted this morpho- 
logic similarity as indicating that the fossils 
and P. boryanum are conspecific. The simi- 
larity between the fossil perforated colonies, 
and P. duplex, is not, however, as conspicu- 
ous. On the one hand, P. duplex is the only 
species among these algae which always has 
a distinctly perforated colony and periph- 
eral cells terminated exteriorly by two 
apically unthickened, non-bifurcating proc- 
esses lying in the same plane—character- 
istics shared with the fossils. On the other 
hand, P. duplex (typicum) possesses a cen- 
tral cell, lens-shaped perforations, coeno- 
cytes which make two points of contact 
(their outer margin is concave) with the 
inner side of adjacent coenocytes, and a 
smooth cell membrane. This combination of 
characteristics does not occur among the 
fossil perforated forms. The 15-16 varieties 
of P. duplex described and _ illustrated 
(Raciborski, 1889; Brunnthaler, 1915) also 
differ from them in one or more of the fol- 
lowing features: 1) presence of a central 
cell; 2) ornamentation of the cell wall; 3) 
geometry of the inner or the peripheral 
coenocytes. Thus there is at least some 
foundation for suggesting that the fossil 
material is morphologically distinct from 
P. duplex. Furthermore, among the per- 
forated colonies there are differences in the 
pattern of the membrane wall, and in the 
nature of the contact between the coeno- 
cytes. Whether this morphologic diversity 
among the fossil specimens and the differ- 
ences between them and the living species 
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which they most resemble, are attributable 
to the variability of these organisms, or in- 
dicate more fundamental differences can 
only be conjectured. For while the form 
and simplicity of the Pediastrum coenobium 
clearly delimits it, the alga is extremely 
polymorphic. Specific distinction in living 
material is based primarily on the form of 
the central and peripheral cells, the perfo- 
ration of the colony, and the ornamentation 
of the cell membrane (West & Fritsch, 1927, 
p. 113; Smith, 1933, p. 484). The alga is 
highly variable in these respects, however, 
as well as in cell number, proportion and 
arrangement; apparently few workers are 
able to agree as to the number, limits, and 
characterization of its species (Harper, 
1916; West & Fritsch, 1927). As a result, 
many species and varieties of Pediastrum 
have been described which probably repre- 
sent growth forms or “‘life cycle stages’’ and 
it seems reasonable to assume that such 
variability has always been characteristic 
of this group. While an unequivocal morpho- 
logical resemblance between the fossil ma- 
terial and P. duplex is not indicated, it is 
impossible to refute the possibility of rela- 
tionship between them. 


BoTRYOCOCCUS 


Previous fossil records—Blackburn & 


Temperley (1936), Harris (1938), and 
Traverse (1955a) have reviewed the mor- 
phology and the geologic and geographic dis- 
tribution of Botryococcus. Other Tertiary 
occurrences of this alga have been reported 
from the Eocene of India (Rao & Misra, 
1949; Vimal 1953) and western Pakistan 
(Nagappa, 1957), the Oligocene of North 
America (Traverse, 1955a,b), the Miocene 
of Denmark (Ingwersen, 1954), the Pliocene 
of Germany (Straus, i952), the early 
Tertiary to Pliocene of Australia (Cookson, 
1953), the Tertiary of France (Fremy & 
Dangeard, 1938), and the Tertiary of 
Brazil (Dietz & Thiergart, 1957). Pre- and 
post-Tertiary records of Botryococcus are 
common from many parts of the world and 
it is generally believed that remains of this 
hydrocarbon producing alga are responsible 
for localized deposits of boghead coal in 
Alaska, Australia, France, Scotland, South 
America, and the United States. 
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Oregon material—Fossil specimens of 
Botryococcus from the Mascall formation 
(Riverbank and Meadow localities), Blue 
Mountains and Stinking Water Basin 
(P4006, P4121) have been compared with 
illustrations and descriptions of fossil and 
living specimens of Botryococcus braunit 
Kiitzing and with individuals of this species 
recovered from Pleistocene sediments from 
the Channing Basin of northwestern Texas 
(pl. 64, figs. 3,4). The Miocene material 
appears morphologically identical to this 
common, cosmopolitan species. 

The complex morphology of the Botryo- 
coccus thallus was first understood as the re- 
sult of researches of Blackburn & Temperley 
(1936). The colony is generally irregularly 
botryoidal in shape and in life composed of 
ellipsoidal or ‘‘pear-shaped”’ cells arranged 
radially in twos and fours as the result of 
dichotomous, longitudinal branching. In 
living condition, each pear-shaped cell sits 
immediately within a thin, cuticular and 
waxy structure—the thimble—which, in 
turn, is embedded in a thicker cup-like 
sheath of fatty material. A cell cap of pectic 
and cellulosic substances closed the cell 
chamber at the distal end. The whole is 
crowded together densely in a tough, dark, 
semi-opaque mass of mucilage which sur- 
rounds the entire colony. In the fossil forms 
illustrated only a “skeleton” remains, which 
consists (Temperley, p. 860) ‘‘of the most 
rigid part of the secreted framework of the 
colony ... believed by Dr. Blackburn to 
represent the cuticularized layers.” In some 
of the figured specimens the dichotomous, 
cup-like chambers are obvious (pl. 64, 
figs. 2-4). In many specimens, however, 
particularly among the larger thalli, dis- 
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integration of the thimble wall leaves only 
a general impression of these chambers, and 
the colonies often appear as more or less 
amorphous, botryoidal structures (pl. 64, 
fig. 1). 


TETRAEDRON 


Previous fosstl records—Bashnagel (1942) 
compared specimens from the Middle 
Devonian, Onondaga limestone of Newf 
York with four living species of Tetraedron. 
White (1862) had referred identical speci- 
mens from the Onondaga to the genus 
Xanthidium. The material recorded as 
Xanthidium by White, including the Tetrae- F 
dron-like forms described by Bashnagel. 
are now recognized as members of the 
Hystrichosphaeridae, marine organisms of F 
unknown affinity widely collected from f 
rocks of Ordovician to Recent age. The Ff 
Tetraedron-like forms of Bashnagel are re- 
ferable to the genus Hystrichosphaeridium 
(Deflandre, 1944). Bradley (1929a, 1929b, F 
1931) figured a single specimen from the F 
Green River formation, Colorado, which he — 
compared with the living 7. regulare var. 
torsum (Turner) Brunnthaler. 

Oregon material—Several rather poorly 
preserved complete specimens and occa- 
sional fragments in the Mascall (Meadow) 
and Stinking Water (P4006) microfloras, 
are similar to Tetraedron, although they fF 
cannot be matched with any of the living F 
species. Morphologically, they seem most > 
similar to members of either sections Poly- 
edrium or Pseudostraurastrum of the genus 
Tetraedron (cf. Brunnthaler, 1915), and 
come closest to resembling T. horridium 
W. and G. S. West. Certain algae, however, 
such as Pediastrum, Hydrodictyon,and Oocys- 





TEXxtT-F1G. 2—Camera lucida drawings of fossil algae from the Mascall, Blue Mountains and Stinking 
Water microfloras; a-e, Pediastrum cf. P. boryanum Kiitzing. Specimens illustrating variation in 
size and cell number. a-d, complete or essentially complete colonies. a, Stinking Water, Oregon, 
specimen illustrated in pl. 64, fig. 5. b-d, Mascall, Oregon (Riverbank locality), drawn from glyc- 
erine slides. e, Small marginal portion of large colony, Stinking Water, Oregon (loc. P4121), drawn 
from glycerine slide. f, Pediastrum cf. P. duplex? Meyen. Stinking Water, Oregon (loc. P4006), 
drawn from glycerine slide. g, Tetraedron? sp. Mascall, Oregon (Meadow locality). 
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tis have Tetraedron-like stages in their life 
cycles (West, 1916; West & Fritsch, 1927; 
Smith, 1933). Unless reproduction by auto- 
spores can be demonstrated, there is no 
way of being certain that tetraedroid forms 
can be identified with Tetraedron. For this 
reason, and because of uncertain resemb- 
lance to any living species, the fossil speci- 
mens are only tentatively referred to this 
genus. 

The solitary cells (text-fig. 2g) are poly- 
hedric, with rounded angles produced into 
single, straight? spines. Some spines on the 
figured specimen are bent, but this probably 
occurred during preservation. The spines 
are various in size and length, ranging on 
the figured specimens from about 2.8 to 5.6 
microns. The wall is thin, about .7 micron, 
and the membrane is smooth. The size of 
the figured specimen, including spines, is 
about 35 microns. 


CONCLUDING REMARKS 


Nomenclature—Two families of chloro- 
phycean algae, the Hydrodictyaceae, and 
the Botryococcaceae, are represented among 
the Miocene microfossils by specimens re- 
ferred to Pediastrum and Botryococcus. A 
third family, the Oocystaceae, may be 
represented by specimens tentatively re- 
ferred to Tetraedron. The morphologic simi- 
larity between fossil and living specimens 
of the former aigae is so pronounced that 
there is no doubt of the generic references. 
In addition, some of these algae seem to be 
morphologically identical to the Recent 
species, B. braunii and P. boryanum; others 
are closely similar to P. duplex. None of the 
fossils have been identified with these spe- 
cies, although we appear to be dealing with 
organisms which show little or no mor- 
phologic variability throughout an extended 
geologic history. Of the algae herein dis- 
cussed, only Botryococcus has at present, a 
pre-Tertiary record. Algae are known, how- 
ever, from the Precambrian to the present. 
Certain families within the Chlorophyta 
are represented in the Paleozoic, and a 
number of forms closely resembling living 
genera are known from the Mesozoic. 
Moreover, these microscopic green algae 
are types which may be considered mor- 
phologically primitive, and an extended 
geologic history for them does not seem im- 


probable. Following the example of Harris 
(1938) most workers have recorded the liv- 
ing species, B. braunit, from sediments 
from the Ordovician to the Recent. 

Pre- Pleistocene occurrences of Pediastrum 
are essentially unknown. Cookson (1953) 
and Borge & Erdtman (1954) extended the 
range of P. boryanum into the Tertiary and 
possibly the early Tertiary. On the other 
hand, Wilson & Hoffmeister (1953) did not 
refer early Tertiary specimens of Pediastrum 
to the species which they resembled, P. 
clathratum, P. simplex, P. boryanum, and 
P. duplex, presumably adhering strictly to 
paleobotanical convention. 

The identification of fossil algae with 
living species assumes that similarity in 
gross morphology is sufficient indication of 
relationship. Essentially all fossils are 
identified with, or related to living material 
on this premise. Morphology has played a 
pre-eminent part, however, in the classifica- 
tion of certain organisms. Fossil algae would 
appear less perfectly known than many 
fossil forms since they are classified pri- 
marily on pigmentation, metabolic products, 
methods of reproduction, features of the 
life cycle, and so on, none of which can be 
demonstrated among fossil specimens. On 
the one hand, the unfailing identification of 
fossil algae with living species on the basis 
of morphologic similarity alone, may leave 
the algologist with the same dilemma of 
which Steere (1946, p. 298) wrote when he 
remarked—‘“‘The greatest taxonomic prob- 
lem confronting those who study fossil 
mosses and hepatics is a paradoxical one— 
instead of being lumped into form-genera, 
they have been ‘identified’ with a mislead- 
ing precision and exactitude.” On the other 
hand, the application of new species names 
to Tertiary and pre-Tertiary algae mor- 
phologically similar or identical to living 
species probably takes too great a cog- 
nizance of the age differences involved, fails 
to consider the nature of the organisms and 
the possibility of an extended geologic his- 
tory, and may give significance to mor- 
phologic variability that is within the limits 
of a modern species. 

Ecology and paleoecology.—Other than in- 
dicating the fresh-water origin of the sedi- 
ments in which they occur, the presence of 
Pediastrum, Botryococcus, and Tetraedron 
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has little ecologic significance. Like many 
members of fresh-water algal floras, these 
genera are essentially cosmopolitan in dis- 
tribution, living and thriving practically 
everywhere where there is light and mois- 
ture, in almost every available type of 
fresh-water habitat. 

Pediastrum often occurs abundantly 
among the ‘‘aquatic macrophytes of the 
benthic region of pools and lakes’’ (West, 
1916, p. 432) and almost always forms a 
part of the plankton in the same environ- 
ments. It is an occasional part of the 
planktonic vegetation of slow or moder- 
ately slow rivers and ‘Isolated individuals 
...are often encountered in collections 
from permanent or semipermanent pools 
and ditches.” (Smith, 1933, p. 484; West, 
1916). At present, according to Prescott 
(personal communication, Nov. 17, 1955), 
published records do not indicate the oc- 
currence of Pediastrum in Oregon, although 
he has found some or all of the following 
species, P. duplex, P. boryanum, and P. 
tetras, in coastal and high altitude ponds of 
the Wallowa Mountains and low altitude 
ponds of the Cascades, near Mt. Jefferson. 
Any restriction of its distribution in Oregon, 
however, is probably more .apparent than 
real, for it seems likely that collections from 
the central part of the state would contain 
Pediastrum. Botryococcus usually occurs as 
a member of the fresh-water plankton in 
ponds and lakes (it may also be found “‘in 
ditches, bogs, tanks, water-butts,’’ West & 
Fritsch, 1927, p. 304) and has been re- 
ported from brackish and salt water habitats 
in Russia (Blackburn & Temperley, 1936) 
and South Australia (Cookson, 1943). Many 
of the species of Tetraedron occur somewhat 
infrequently in small, stagnant water- 
bodies, although a few may be abundant 
among the fresh-water plankton (West, 
1916, p. 200; West & Fritsch, 1927). 

No attempt was made to obtain quantita- 
tive data on the number of thalli of Pedia- 
strum or Botryococcus in any of the micro- 
floras as it was difficult to determine with 
certainty when one was dealing with a com- 
plete colony, or only a broken or distorted 
fragment. Where it occurs, the imperforate 
P. boryanum-type is generally fairly com- 
mon. The perforated colonies, on the other 
hand, are rare fossils. Botyrococcus is com- 
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mon in the Mascall and Stinking Water 
(P4006) microfloras; most abundant and 
best preserved at the Trapa locality; a rare 
constituent of the Blue Mountains micro- 
flora. Less than 6 specimens of Tetraedron 
were observed from the Mascall (Meadow) 
and Stinking Water (P4006) sediments. 
Drs. G. M. Smith (personal communica- 
tion, Nov. 17, 1955) and G. W. Prescott 
(ibid.) have indicated that there is scarcely 
need to attempt explanations for variations 
in number of colonies of Pediastrum at the 
different localities where it occurs, and the 
same is probably true for the other algae. 
Prescott has suggested that the diversity 
in abundance of fossil specimens of this 
genus is probably quite ‘‘normal,’’ because 
Pediastrum shows similar patterns in the 
aquatic flora today. Apparently, however, 
conditions which presently act to control 
divergence in absolute abundance among 
this alga are as yet undetermined. Nor, 
according to Prescott (Ibid), is there any 
“good correlation between colony morph- 


ology, wall decoration, and environmental 


conditions.’ Which might afford hints about 
their past surroundings and explain why 
they do not occur everywhere together in 
these Miocene lakes. 

Most previously recorded fossil occur- 
rences of Botryococcus have come from 
highly carbonaceous sediments (peats, lig- 
nites, carbonaceous clays, shales and sand- 
stones) and it would appear that the condi- 
tions for the formation of botryococcoid 
deposits, or deposits rich in remains of this 
alga, may be rather specific (cf. discussion 
in Traverse, 1955a, pp. 345-346). B. braunii 
is so widely distributed at present, however, 
and, at least in this country, is so rarely 
abundant (Smith, 1933, p. 154) that it is 
unlikely that attempts to reconstruct the 
environment of deposition from its occur- 
rence alone, can have much significance. It 
can be pointed out, however, that the most 
abundant and best preserved of the fossil 
Botryococcus colonies have come from the 
Trapa locality (P4121), so named because 
remains of the water-chestnut are the only 
abundant and common plant megafossil. 
This genus, native today to Asia and parts 
of Europe and Siberia, is naturally at home 
in rather small, shallow, often stagnant 
ponds and slow-running streams, an en- 
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vironment which apparently would also 
have favored most prolific growth of the 
alga Botryococcus. 
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ON THE OCCURRENCE OF EDMONTOSAURUS IN THE 
HELL CREEK FORMATION OF MONTANA! 


W. L. ROHRER anp R. KONIZESKI 
United States Geological Survey 





ABSTRACT—A specimen of Edmontosaurus from the Hell Creek formation of Mon- 
tana substantiates the correlation of the Upper Cretaceous Hell Creek formation 
with the Upper Edmonton member of Alberta. It may be a new species. 





INTRODUCTION 


O* SEPTEMBER 1957, W. L. Rohrer col- 
lected a specimen of Edmontosaurus 
which apparently is specifically distinct 
from E. regalis (Lambe, 1917, p. 65). The 
specimen was found, in situ, about 38 feet 
above the contact between the Cretaceous 
Hell Creek and Fox Hills formations on 
Cattle Creek in the EX3NW3iSW3 sec. 27, 
T. 22 N., R. 39 E., Garfield County, Mon- 
tana (see text-fig. 1). The specimen is a 
left dentary and was located in a concre- 
tionary sandstone and limestone mass at the 
junction of a forked lens of conglomerate, 
consisting of quartzite cobbles and iron- 
stone nodules, near the base of a vertical 
cliff of sandstone in the Hell Creek forma- 
tion (see text-fig. 2 for stratigraphic posi- 
tions of formations). 


STRATIGRAPHY 


The Fox Hills strata are conformable and 
transitional with the underlying marine 
Bearpaw shale and were ‘‘... found to be 
about 40 feet thick at the Cook ranch on 
Crooked Creek ... ”’ (Brown, 1907, p. 827). 
The formation is overlain by 380 feet of Hell 
Creek sediments on Cattle Creek. On Hell 
Creek, Brown (1907, p. 827), recorded about 
80 feet of Fox Hills strata. The Fox Hills 
sandstone is light gray, very fine grained, 
friable, noncalcareous and is interbedded 
with light gray, noncalcareous siltstone. 

The thickness of the uppermost Cre- 
taceous formation in this area, the Hell 
Creek, is related to the thickness of the 
underlying, locally eroded, Fox Hills forma- 
tion. The erosional unconformity at the top 
of the Fox Hills is a channeling of a broad 
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TExtT-FIG. 1—Map of part of Garfield County, 
Montana, showing fossil locality (encircled X). 


nature, i.e., undulating rather than sharply 
incised. The inference is that the Fox Hills 
sediments were located in an area of low 
topographic relief upon which sluggish 
drainage developed and that they were not 
indurated before they were covered by the 
continental Hell Creek strata. This infer- 
ence is more or less in agreement with previ- 
ous workers in this area. Dobbin & Reeside 
(1929, p. 17) noted this relationship as fol- 
lows: ‘‘... no evidence was found to indi- 
cate a major break at the top of the Fox 
Hills.”” A few small conglomerate lenses are 
scattered throughout the Hell Creek sand- 
stone interval. These are composed of 
quartzite, ferruginous limestone, ironstone 
pebbles and cobbles, and occasional bone 
fragments. Such sporadic occurrences can 
only represent brief spate in surrounding 
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TEXtT-FIG. 2—Stratigraphic section at fossil 
locality, Garfield County, Montana. 


areas. Thus, as observed by Dobbin & 
Reeside (1929, p. 17), the presence of con- 
glomerate affords little proof of the existence 
of a major unconformity at the Fox Hills 
and Hell Creek formational contact. 

The basal Hell Creek formation strati- 
graphic section on Cattle Creek consists of 
approximately 30 feet of dark gray, car- 
bonaceous shale with streaks of ironstone 
nodules and quartzite pebbles overlying the 
light gray sandstones and siltstones of the 
Fox Hills formation. The basal Hell Creek 
shale is in turn overlain by 190 feet of mas- 
sive cliff-forming sandstone weathering 
rusty brown. The sandstone is medium to 
coarse grained and calcareous, containing 
occasional limestone concretions and less 
frequent lenses of conglomerate. The upper- 
most Hell Creek unit in this area is pri- 
marily clay, about 160 feet thick, with some 
siltstone and interbedded sandstone. This 
formation is overlain conformably by the 
Tullock member of the Fort Union forma- 
tion. The Tullock-Hell Creek contact is at 
the base of the lowest lignite bed, which in 
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this area is quite persistent and averages 
about 4 feet thick. 


DESCRIPTION 


At present the genus Edmontosaurus in- 
cludes only one species, E. regalis Lambe 
(1917, p. 65). The holotype and several 
described specimens were all collected from 
the lower and middle members of the Ed- 
monton formation in Alberta (Lull, 1942, 
p. 17; Sternberg, 1947, p. 5) which are 
stratigraphically equivalent to the Fox 
Hills sandstone of Montana (Billings Geo- 
logical Society, 1953). On the basis of 
veretebrate fossils Sternberg (1947, p. 2) 
states that the upper member of the Edmon- 
ton formation is of Lance age; and Russell 
(1953, p. 95) correlates the upper member 
with the Hell Creek formation of Montana. 
Because FE. regalis apparently did not con- 
tinue across the very pronounced faunal 
break between the middle and upper mem- 
bers of the Edmonton formation (Sternberg, 


1947, p. 4), and because it is unknown out- 


side of Alberta, it is of considerable interest 
that a specimen of that genus has been col- 
lected in Montana from the upper Edmon- 
ton equivalent (Hell Creek formation). It is 
of further interest that the specimen is 
probably specifically distinct from E. regalis. 

The holotype of E. regalis consists of a 
“Complete skull, most of the vertebrae in 
place back to the sixth caudal, one hind 
limb, lacking a phalanges, one humerus, 
both pubic bones, one ischium, the greater 
part of a right ilium, and some ribs” 
(Lambe, 1917, p. 65). In contrast to the rela- 
tively complete nature of the holotype, the 
Montana Hell Creek specimen consists of 
only a left dentary lacking the upper part of 
the coronoid process and a number of teeth 
(see plate 65 for lingual, crown, and labial 
views). Numerous differences exist between 
it and the described specimens of E. regalis 
(Table 1). However, because it represents 
such a small part of the animal’s anatomy 
the dissimilarities are not necessarily specific 
but may be sexual and (or) due to individual 
variation. For this reason the Hell Creek 
specimen will not be described as a new 
species unless additional, substantiative 
material is collected. Considering the re- 
markable preservation of the specimen and 
the relative size and weight difference of it 
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TABLE 1—MEASUREMENTS OF Two SPECIMENS OF Edmontosaurus 











Item 


Cattle Creek 
Specimen 
USNM No. 22102 


Paratype! No. 2289 





Breadth of cutting surface of teeth at its middle length 


Vertical rows of teeth 
Number of teeth in dentary 


Average length of individual tooth from middle of series 
Average width of individual tooth from middle of series 


Length of dentary 


30 mm. 35 mm. 
48-49 54 
230 245 
30.5 mm. 36 mm. 
10.0 mm. 10.5 mm. 
about 780 mm. 730 mm. 


Distance of inner cutting surface of teeth at mid-length 


of magazine, about lower border 


Depth of bone just in advance of first vertical series of teeth 


Length of dental magazine at its mid-height 
Posterior depth of magazine 

Anterior depth of magazine 

Depth of magazine at its mid-length 


195 mm. 
130 mm. 
410 mm. 
60+5 mm. 
85+5 mm. 
145 mm. 


190 mm. 
150 mm. 
366 mm. 
about 60 mm. 
84 mm. 
145 mm. 





Measurements from Lambe, 1920, p. 40-41. 


and the conglomerate cobbles of the bank in 
which it occurred there is little likelihood 
that there was transportation by stream 
action. Regardless of its specific affinities, 
the specimen has the two-fold value of sub- 
stantiating the correlation of the Upper 
Cretaceous Hell Creek formation with the 
Upper Edmonton member, and shows that 
the ornithischian dinosaur, Edmontosaurus, 
survived into latest Cretaceous time. 
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EXPLANATION OF PLATE 65 


Fics. 1-3—Edmontosaurus sp., lingual, crown, and labial views. USNM No. 22102; from Cattle Creek, 
Garfield County, Montana; Upper Cretaceous Hell Creek formation. Photographs cour- 


testy of Smithsonian Institution. 
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REVISION OF THE OSTRACODE FAMILY BEECHERELLIDAE 
AND REDESCRIPTION OF ULRICH’S 
TYPES OF BEECHERELL/’ 


JEAN M. BERDAN 
U. S. Geological Survey, Washington, D. C. 





ABsTRACT—Restudy of the types of the species assigned to Beecherella by Ulrich 
in 1891 shows that the family Beecherellidae, consisting of the genera Beecherella 
and Acanthoscapha, belongs in the Podocopa. Acanthoscapha Ulrich & Bassler 1923 
is a senior synonym of Alanella Boutéek 1936. Most of the species originally as- 
signed to Beecherella belong in various other genera and families. 





INTRODUCTION 


[= types of several species and genera 
included in the family Beecherellidae 
have been examined during preparation of a 
section on this family for Volume Q (Ostra- 
coda) of the Treatise on Invertebrate 
Paleontology, R. C. Moore, editor. Since 
some of the taxonomic changes made in the 
Treatise may seem arbitrary, this paper is 
presented to document certain revisions. 
The genus Beecherella was described by 
Ulrich (1891, p. 197-204), who assigned to 
it 6 species and 1 variety. Subsequently 
Ulrich (1894, p. 691, 692) proposed the 


1 Publication authorized by the Director, U. S. 
Geological Survey. 


family Beecherellidae, to include the genera 
Beecherella Ulrich, 1891, and Krausella U1- 
rich, 1894, and suggested that Beecherella be 
restricted to the type species only. The 
genus Acanthoscapha was added to the 
family by Ulrich & Bassler (1923, p. 318, 
319). Bassler & Kellett (1934, p. 145, 184) 
transferred all the species originally de- 
scribed as Beecherella, with the exception of 
the type species, to -lcanthoscapha. 

The 6 species and 1 variety described by 
Ulrich in 1891 are as follows: Beecherella 
cartnata, the type species of Beecherella; B. 
subtumida; B. subtumida var. intermedia; B. 
ovata; B. cristata; B. navicula, the type spe- 
cies of Acanthoscapha Ulrich & Bassler; and 
B. angularis. Of the seven taxa, the type 





EXPLANATION OF PLATE 66 


Fics. 1-4—‘‘Beecherella” cristata Ulrich. 1,2, right lateral and left lateral views of complete carapace 
of topotype, YPM 20840, X23, 3, left view of holotype, USNM 41816, X24, 4, right valve 


of paratype, USNM 41816, X23. 


5—“Beecherella”’ subtumida var. intermedia Ulrich, internal view of holotype, USNM 41818, 


X25. 


6—“Beecherella” ovata Ulrich, left view of holotype, YPM 20394, x24. 

7—10—Janusella subtumida (Ulrich). 7, lateral view of right valve, paratype, USNM 41817, 
X23, 8, lateral view of interior of right valve, lectotype, YPM 20395, X24, 9, lateral view 
of interior of left valve, topotype, YPM 20841, X23, 10, lateral view of left valve, topotype, 


YPM 20842, X23. 


11-15—‘‘Beecherella”’ angularis Ulrich. 11-13, dorsal, right lateral and ventral views of com- 
plete carapace, topotype, YPM 20843, X23. Note that depression on anterodorsal portion 
of 12 is due to poor preservation and is not a shell feature. 14-15, lateral and interior views 
of holotype, right valve, YPM 20397, X23. 

16--18—A canthoscapha navicula (Ulrich). 16, left view of a complete carapace, topotype, YPM 
20844, X24, 17, internal view of lectotype left valve, YPM 20390, X23, showing dupli- 
cature, 18, external view of lectotype, X23. 

19-22—Beecherella carinata Ulrich. 19-21, lateral exterior, lateral interior and ventral views of 
right valve, holotype, YPM 20392, X23. Note that 20 shows duplicature. 22, interior 
view of left valve, topotype, YPM 20845, X23, showing duplicature. 
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specimens of four are broken, two of them, 
B. subtumida var. intermedia and B. ovata, 
in such a way that the species are unrecog- 
nizable. The type of Beecherella navicula 
was apparently broken at the time Ulrich 
described it, although this is not mentioned 
in his description. The type of Beecherella 
cristata was broken after being described 
and illustrated, but can be identified with 
topotype specimens. The types of the 
three remaining taxa, B. carinata, B. sub- 
tumida and B. angularis, are relatively well 
preserved. They show structures indicating 
that the last two belong to genera other than 
Beecherella. Consequently it has seemed de- 
sirable to redescribe the types of all of 
Ulrich’s species, and to redefine the Beecher- 
ellidae in the light of current knowledge. 

According to Ulrich (1891, p. 197), the 
specimens he studied were sent to him by 
C. E. Beecher and Charles Schuchert. Ap- 
parently all came from a coilection of 
silicified material which Beecher was etch- 
ing with hydrochloric acid. The types sent 
by Beecher were returned to him, and are 
now in the collection of the Yale Peabody 
Museum, but those sent by Schuchert were 
retained by Ulrich and are now in the col- 
lections of the U. S. National Museum. 
Statigraphic and locality data listed on the 
labels of the types are ‘“‘Lower Helderberg 
group, Albany County, N. Y.,”’ as is pub- 
lished in the original descriptions, but labels 
on the unpicked fine material in Beecher’s 
collection at Yale read ‘‘Lower Helderberg 
group, Indian Ladder, N. Y.”’ According to 
Dr. Winifred Goldring (oral communica- 
tion) Beecher made his collections from a 
stone wall around a field near Indian Ladder. 
Although this makes the stratigraphic posi- 
tion of the material ambiguous, the presence 
of many specimens of Dicaelosia varica 
(Conrad) associated with the ostracodes 
suggests strongly that the rocks came from 
the Kalkberg limestone, as according to Dr. 
Lawrence V. Rickard and Dr. Donald W. 
Fisher (oral communication) this brachio- 
pod is limited to the Kalkberg limestone 
in eastern New York. 

Beecher’s collection contains a rich fauna 
which has been only partially described. 
Beecher (1893) himself described some of 
the trilobite protaspides, since restudied by 
Whittington (1956a, b). Some of the sponges 
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described by Girty (1895) also came from 
this collection. The Bryozoa, which are ex- 
ceedingly abundant, have been mentioned 
but never adequately treated, and the 
Brachiopoda, which mostly belong to de- 
scribed species, have never been listed. The 
ostracode faunule is diversified. Ulrich 
(1891, p. 198), in commenting on the rarity 
of Beecherella, lists as other more abundant 
forms two species of Aechmina, and also 
‘Beyrichia, Kloedenia, Bollia(?), Aoorea, 
Bythocypris, etc.”’ In addition to Beecherella 
and Acanthoscapha, species of the following 
genera are present in the samples that I 
have examined: Aechmina Jones and Holl 
1869; ?Aechminaria Coryell & Williamson 
1936; Placentella cf. P. elliptica Wilson 1935; 
Bollia Jones & Holl 1886; Ulrichta Jones 
1890; Kuirkbyella Coryell & Booth 1933; 
Parabolbina Swartz 1936; Velibeyrichia Hen- 
ningsmoen 1954; Saccarchites Swartz & 
Whitmore 1956; ?Octonaria Jones 1887; 
?Thlipsurella Swartz 1932; Janusella Roth 
1929; Tricornina Boutek 1936; Berounella 
Bouéek 1936; Tubulibairdia Swartz 1936; 
as well as several undescribed genera. This 
is an important and interesting fauna, but 
because the collection was made from float, 
and stratigraphic and geographic data are 
inadequate, it seems advisable to postpone 
its study until the faunule can be found in 
place. 

Prof. Carl O. Dunbar and Dr. Karl M. 
Waagé of the Yale Peabody Museum, and 
Dr. G. A. Cooper of the U. S. National 
Museum, kindly permitted me to borrow 
the types on which this study is based. The 
paper has been greatly improved by a num- 
ber of stimulating discussions with my 
colleague, I. G. Sohn. Photographs were 
taken by Anita Epstein and Marcia Newell. 


SYSTEMATIC DESCRIPTION 
Family BEECHERELLIDAE Ulrich 1894 


Long, smooth, slightly asymmetrical 
ostracodes with long, adont hinge parallel to 
the ventral margin and with spines on an- 
terior and posterior ends of one or both 
valves. Duplicature present, muscle scar 
unknown. 

Stratigraphic range-—Upper Silurian to 
Middle Devonian, Mississippian(?). 

Discussion.—In his description of Bee- 
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cherella carinata, Ulrich (1891, p. 200), men- 
tioned a “thin, oblique, diaphragm-like 
structure” in the right valve, and indicated 
that he was uncertain whether or not this 
structure was a part of the shell, or an 
accident of preservation. He stated that it 
was absent in the “‘left’’ valve which he had 
examined. Out of ten additional right and 
left valves of B. carinata from Beecher’s 
collection, six are well enough preserved to 
show this structure. There is little question 
that it represents a duplicature. A similar 
structure is present in the holotype and 
topotype specimens of Acanthoscapha na- 
vicula, the type species of Acanthoscapha. 
Consequently, these two genera are grouped 
together in the family Beecherellidae, and 
classed under the order Podocopa. 

Kesling & Sohn (1958) have described 
the occurrence of a duplicature in their new 
species Alanella devonica, and by inference 
it should also occur in Alanella bohemica 
Bouéek, the type of the genus. They suggest 
(ibid., p. 518) the possibility that the family 
Alanellidae Bouéek 1936 is a junior synonym 
of Beecherellidae Ulrich 1894. As the type 
of Acanthoscapha navicula is congeneric 
with Alanella bohemica, the genus Alanella 
is here considered a junior subjective syn- 
onym of Acanthoscapha, and the family 
Alanellidae, a junior synonym of the family 
Beecherellidae. As here revised, the Beech- 
erellidae contains certainly two genera, 
Beecherella and Acanthoscapha, both of 
which are forms with relatively long, 
straight hingelines and demonstrable du- 
plicatures. A third genus, Ulrichella Bouéek 
1936, is only questionably assigned to this 
family pending further study. 

The family Alanellidae as originally pro- 
posed by Bouéek (1936, p. 71) contained 
only Alanella, although in the same paper 
(ibid., p. 72-73) he cited two genera, Krau- 
sella and Ulrichella, in the Beecherellidae. 
Henningsmoen (1953, p. 247, 273) ques- 
tioned the position of the Alanellidae in the 
Paleocopa, and listed the following genera 
in the family: Alanella Boutek 1936, 
Vitavina Boutéek 1936, Berounella Boutéek 
1936, Tricornina Boutéek 1936, ?Boucekites 
Pribyl 1953, ?Pribylites Pokorny 1950, and 
?Pribylites (Parapribylites) Pokorny 1950. 
He apparently did not consider the Beech- 
erellidae as Paleocopa, as the family is not 
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mentioned in his paper. Pribyl (1954, p. 
102) followed Henningsmoen in placing 
Tricornina and Boucekites provisionally in 
the Alanellidae. 

Most recently Mertens (1958, Table 7), 
in his tabular summary of the Ostracoda, 
has listed five genera in the Alanellidae. 
These are Alanella, Berounella, Boucekites, 
Pribylites and Parapribylites. This list re- 
sembles Henningsmoen’s except for the 
omission of Tricornina and Vitavina. With 
the exception of Alanella (= Acanthoscapha), 
none of these genera can be transferred 
unquestionably to the Beecherellidae as re- 
defined. Pribylites and Parapribylites prob- 
ably belong in the Aparchitidae as originally 
stated by Pokorny (1950, p. 590). Tricornina 
and Boucekites differ from the beecherellids 
in having a relatively short hinge, and 
Tricornina lacks a duplicature. Berounella 
and Vitavina are sulcate, although the sulcus 
of the latter is weak. 

Mertens (1958, Table 9) lists seven 
genera which have been assigned to the 
Beecherellidae. These are: Beecherella UI- 
rich 1891, Acanthoscapha Ulrich & Bassler 
1923; Janusella Roth 1929; Rayella Teichert 
1939; Steuslofiina Teichert 1937; Ulrichella 
Bouéek 1936; and Morrisitina Gibson 1955. 
Of these seven genera, Janusella, Rayella, 
and Steuslofina lack the distinguishing 
characters of the family as redefined, and 
should be excluded. The systematic position 
of Ulrichella cannot be determined without 
further study. Until it can be established 
that this genus possesses a duplicature, it is 
only questionably included in the Beecherel- 
lidae, especially since according to the orig- 
inal description (Bouéek, 1936, p. 73) it has 
two constrictions in the carapace. The holo- 
type of the type species of Morrisitina, M. 
gibbosa Gibson, has been examined, and 
found to be a somewhat corroded complete 
carapace. Additional work will be necessary 
before the genus can be correctly assigned, 
but it is probable that it belongs with 
Bairdia rather than Beecherella. 


Genus BEECHERELLA Ulrich, 1891 


Beecherella Ulrich, 1891, p. 198-199; Ulrich & 
Bassler, 1923, p. 318-319; Bassler & Kellett, 
1934, p. 38. 


Type species.—By original designation, 
Beecherella carinata Ulrich, 1891, p. 199- 
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200, pl. II, figs. 1-4, Lower Devonian, 
(Helderbergian), Albany County, N. Y. 

Diagnosis.—Smooth, elongate beecherel- 
lid ostracodes with flat venter and sub- 
triangular cross-section. A short subconical 
spine is directed anteriorly and posteriorly 
on each valve. 

Discussion.—Ulrich (1891, p. 198-199, pl. 
II, figs. 1-3) originally oriented this genus 
with the curved margin in lateral view con- 
sidered as dorsal, and the larger spine 
anterior. Ulrich & Bassler (1923, p. 318, 
text-fig. 24, fig. 1), following Ulrich’s (1894, 
p. 691) later suggestion, reversed the 
orientation of the original illustration so that 
the more strongly curved margin is shown 
as ventral, and described the larger spine as 
posterior. The orientation used in this paper 
follows that of Ulrich & Bassler, which 
agrees with the criteria proposed by Triebel 
(1941). Thus the orientation in Ulrich’s 
original paper is reversed 180 degrees. 

As previously mentioned, of the seven 
forms originally assigned to Beecherella by 
Ulrich, all but the type species have been 
placed in other genera. This is implied by 
Ulrich & Bassler (1923, p. 319), who cite 
Beecherella carinata as the ‘“‘Genotype and 
only species” although, with the exception 
of Acanthoscapha navicula, these authors did 
not indicate the position of the other species. 
Bassler and Kellett (1934, p. 145, 184), 
however, list the remaining six forms under 
Acanthoscapha. Since 1934, two other spe- 
cies have been assigned to Beecherella, B. 
bloomfieldensis Swartz & Swain 1941, and 
B. trapezoides Gibson 1955. Neither of these 
species belong in Beecherella as redefined 
above. ‘‘Beecherella’”’ bloomfieldensis is known 
only from internal casts and external molds, 
and there is no evidence from the descrip- 
tion and illustrations (Swartz & Swain, 
1941, p. 444-445, pl. 8, fig. 9g,9h) of any 
structure resembling a duplicature. Swain 
(1953, p. 279-280) states that this species 
should be referred to his new genus Cam- 
denidea. ‘‘Beecherella” trapezoides lacks the 
discrete terminal spines of Beecherella as 
redefined, and, to judge from.the holotype, 
is a bairdiid. The genus Beecherella is thus 
reduced once more to Beecherella carinata as 
the only species, but it is to be expected 
that other species will be found as more 
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ostracode faunas become known from rocks 
of Lower Devonian age. 


BEECHERELLA CARINATA Ulrich 1891 
Pl. 66, figs. 19-22 
Beecherella carinata Ulrich, 1891, p. 199-200, pl. 

II, figs. 1-4; Ulrich & Bassler, 1923, p. 318-319, 

text-fig. 24, fig. 1; Bassler & Kellett, 1934, p. 

38, text-fig. 17, fig. 1. 

Diagnosis.—Beecherellid with a ventral 
carina extending from the short anterior 
spine to the short, stout, hollow posterior 
spine on each valve. 

Description of types.—A slide in the col- 
lections of the Yale Peabody Museum con- 
taining two specimens, YPM 20392 and 
YPM 20393, is labelled ‘‘Beecherella carinata 
Ulrich, types gen. et sp.’”’ These are the 
two specimens figured by Ulrich (1891, pl. 
II, figs. 1-4), the larger being represented by 
figs. 1-3, and the smaller by fig. 4. The 
larger, YPM 20392, is the specimen de- 
scribed on p. 199 and is here designated the 
lectotype of the species. The lectotype is a 
right valve, 2.85 mm. long and 0.65 mm. 
high. The width of the venter is 0.46 mm. A 
distinct carina extends from the anterior 
spine to the broken posterior spine. The 
dorsal margin is about 2 mm. long, and is 
straight and subparallel to the ventral 
margin. With the exception of the carina, 
the surface is smooth, although fragments 
of adventitious silica give it a rough ap- 
pearance in the illustration (pl. 66, figs. 
19-21). The interior has a well developed 
duplicature at the anterior end of the shell; 
the duplicature at the posterior end is less 
well developed and is partially obscured by 
adventitious silica. The valve has two 
notches where the shell was broken near 
the middle of the hinge line. The antero- 
dorsal margin is deflected ventrally at an 
angle of about 45 degrees to the hinge line; 
the postero-dorsal margin is less sharply 
deflected. In an interior view the ventral 
contact margin can be seen to swing upward 
posteriorly, and the posterior spine projects 
postero-ventrally behind it. The posterior 
spine is hollow. 

Discussion.—Ulrich apparently based his 
description of the species only on the two 
specimens on the type slide, as no others are 
illustrated or mentioned in the text. How- 
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ever, the small specimen, YPM 20393, 
which he illustrated as ‘Interior view of a 
small left valve’ (Ulrich, 1891, p. 204), 
shows the compressed ventroterminal areas 
of Acanthoscapha, and is probably a young 
instar of Acanthoscapha navicula. As pre- 
viously mentioned, ten additional valves of 
B. carinata have been found in Beecher’s 
collection, including four left valves. These 
show that the valves are nearly symmetrical, 
although the posterior spine is relatively 
smaller on the left valve. The ventral 
carina is present on both. The duplicature 
is not invariably preserved, but can be 
recognized in six of the ten specimens. 
Where preserved, it is usually better devel- 
oped at the anterior end of the shell than at 
the posterior. The smallest specimen refer- 
able without question to B. carinata is 1.20 
mm. long and 0.33 mm. high. This specimen 
shows the long hinge line, flat venter and 
hollow posterior spine, and differs from the 
larger specimens only in having slightly less 
well developed spines. 

No articulated valves have been found, so 
the manner and extent of the ventral over- 
lap is not known. 

Types.—The lectotype, YPM 20392, and 
the figured left valve, YPM 20845, are in 
the collections of the Yale Peabody Museum, 
New Haven, Connecticut. 


Genus ACANTHOSCAPHA Ulrich & 
Bassler, 1923 

Acanthoscapha Ulrich & Bassler, 1923, p. 319; 
Bassler & Kellett, 1934, p. 38. 

Alanella Boutek, 1936, p. 71; Henningsmoen, 
1953. p. 247,265,273; Boutek & Pribyl, 1955, 
PB. —e Kesling & Sohn, 1958, p. 

19-522. 


Type species—By original designation, 
Beecherella navicula Ulrich, 1891. 

Diagnosis——Smooth, elongate beecherel- 
lid ostracodes with ventro-terminal areas 
laterally compressed in a _ dorso-ventral 
plane; anterior and posterior ends may be 


_ produced as spines. Left valve slightly 


larger and overlaps right on terminodorsal 
and ventral borders. Duplicature better 
developed posteriorly. 

“ Discussion.—The above diagnosis of the 
genus is essentially that given for Alanella 
Bouéek by Kesling & Sohn (1958, p. 519- 
520). Prior to 1958, several specimens refer- 
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able to Alanella had been picked from 
Beecher’s collection, although none which 
agreed with Ulrich’s description and illus- 
trations of Acanthoscapha had been found. 
The explanation for this became apparent 
when the type specimens of Acanthoscapha 
navicula, which had been temporarily mis- 
laid, were located and examined. Both speci- 
mens described by Ulrich were broken 
when he described the species, although he 
figured the more complete of these, YPM 
20390, as ‘‘a perfect left valve” (Ulrich, 
1891, p. 204, pl. II, fig. 8). The same figure 
was subsequently used to illustrate the 
genus by Ulrich & Bassler (1923, p. 318, 
fig. 2) and by Bassler & Kellett (1934, text- 
fig. 17, fig. 2) who reversed Ulrich’s original 
orientation and illustrated the specimen 
upside down. The original of this figure, 
YPM 20390, and a more complete topotype 
specimen are shown on plate 66, figs. 16-18. 
As may be seen from the photographs the 
posterior end is broken on the type specimen 


‘which otherwise agrees with Ulrich’s illus- 


tration. In view of this there seems little 
question that Acanthoscapha navicula (UI- 
rich) is congeneric with Alanella bohemica 
Bouéek 1936, and that the genus Acantho- 
scapha Ulrich & Bassler 1923 preoccupies 
Alanella Bouéek 1936. 

Kesling & Sohn (1958, p. 522) referred 
the following species to Alanella. These 
should now be assigned to Acanthoscapha: 
Alanella bohemica Bouéek, 1936; A. decurtata 
Bouéek, 1936; A. ? dubia Kesling & Sohn, 
1958 (new name for Bairdia_ rostrata 
Péneau 1929 non Issler 1908); A. ? tnermis 
Kummerow, 1939; A. lenticulata (Stewart & 
Hendrix), 1945; and A. devonica Kesling & 
Sohn, 1958. 

As noted in the discussion of Beecherella, 
Bassler & Kellett (1934, p. 135) transferred 
all the species, with the exception of the 
type species, originally described by Ulrich 
as Beecherella, to Acanthoscapha. Of these 
five species and one variety, only the type, 
A. navicula, belongs in the genus as re- 
defined here. 

Swartz (1936, p. 579-581) described the 
species Acanthoscapha pentagonalis from 
the Shriver chert in Pennsylvania. The 
generic assignment of this species was based 
on Ulrich’s somewhat inaccurate diagnosis, 
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and, as the genus is now redefined, A. 
pentagonalis must be excluded. To judge 
from the holotype and paratypes, this spe- 
cies, like ‘‘Beecherella’’ bloomfieldensis 
Swartz & Swain, should be assigned either 
to Camdenidea Swain, 1953 or to some re- 
lated genus. 


ACANTHOSCAPHA NAVICULA (Ulrich) 1891 
Pl. 66, figs. 16-18 

Beecherella navicula Ulrich, 1891, p. 203-204, pl. 
II, figs. 8,9. 

Acanthoscapha navicula (Ulrich). Ulrich & Bass- 
ler, 1923, p. 319, text-fig. 24, fig. 2; Bassler & 
Kellett, 1934, p. 38, text-fig. 17, fig. 2. 
Diagnosis.—Acanthoscapha with long, 

nearly straight dorsal margin, ending in 

spines, posterior spine larger, hollow. Length 
about four times as great as height. Ventro- 
terminal compressed areas well developed. 

Description of types——A slide in the col- 
lections of the Yale Peabody Museum con- 
tains two specimens, labeled ‘‘Beecherella? 
navicula, Types, Low. Helderberg gr. Al- 
bany Co., N. Y.” These are the specimens 
illustrated by Ulrich (1891, pl. 2, figs. 8 and 

9). These specimens, which were not num- 

bered, are here assigned the number YPM 

20390, for the original of fig. 8, and YPM 

20391 for the original of fig. 9. Ulrich ap- 

parently considered both specimens as co- 

types, but the most complete specimen, 

YPM 20390 is here designated the lecto- 

type of the species. The lectotype is a left 

valve, incomplete at the posterior end, 2.10 

mm. long and 0.62 mm. high (pl. 66, figs. 

17,18). The dorsum is long and straight, and 

the anterior spine, 0.23 mm. long, turns 

upward from the dorsum at a low angle. 

Anteroventrally and posteroventrally the 

valve is flattened, but medioventrally the 

margin forms a lip overlapping the right 
valve. The surface is smooth, except where 
roughened by adventitious silica. Internally, 
the duplicature is present at both ends of the 
shell as a shelf-like thickening of the free 
margin. The anterior spine shows a groove 
or channel where it wrapped around the 
spine on the right valve. The hinge is ob- 
scured by the silicification, but is probably 
simple. No muscle scar can be determined. 

Discusston.—The orientation of the type 
given above may be open to question, since 
it is difficult to orient a species as nearly 
equally ended as Acanthoscapha. In study- 
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ing the topotype specimens, it was decided 
to consider the end with the larger spines 
as posterior. These spines are more nearly 
parallel to the hinge line, whereas the an- 
terior spines bend upward at a slight angle. 
Because the one remaining spine on the 
lectotype also bends upward, it is assumed 
that it is anterior in position, and that the 
lectotype is a left valve. It is of interest that 
the orientation here given is the same as 
that in Ulrich’s original description, al- 
though Ulrich & Bassler (1923, p. 318, text- 
fig. 24, fig. 2) cons‘dered the spine posterior 
and reversed the dorsal and ventral posi- 
tions. It is also interesting that Ulrich (1891, 
p. 203, pl. II, figs. 8,9) both described and 
illustrated the duplicature as a ridge, ‘‘Run- 
ning nearly parallel with the anterior 
edge... .” 

The specimen illustrated by Ulrich (1891, 
pl. II, fig. 9) was considered by him to be 
the broken anterior end of a right valve, 
which he described as having a slightly 
longer and stronger spine than on the left. 
Reexamination of this specimen suggests 
that it is more likely to be the posterior end 
of the left valve. 

Ulrich (1891, p. 204) had considered dis- 
tinguishing ‘‘Beecherella’’ navicula as a 
separate genus on the basis of its internal 
structure (presumably the duplicature), 
and with the type specimens is a note on a 
separate piece of paper which reads as fol- 
lows: ‘‘Acanthella n. gen. (Ulrich!) proposed 
for these in English edit. Zittel’s Textbook 
of Paleontology.’’ However, there is no 
record of this name being used for A. 
navicula in either the first or second English 
edition of Zittel’s Textbook (1900, 1913), 
and as the first edition includes a note stat- 
ing that the section on ostracodes was con- 
densed from a manuscript provided by Mr. 
Ulrich, it seems probable that this name was 
never published. In any case, the name is 
preoccupied by Acanthella Schmidt 1862 
for a sponge, and Acanthella Allman 1883 for 
a coelenterate (Neave, 1939, p. 9). 

In addition to the types described by UI- 
rich, the topotype collection has yielded 
six specimens of Acanthoscapha navicula, 
two of which are complete carapaces. This 
additional material has been used to prepare 
the revised specific diagnosis. The illus- 
trated complete carapace, YPM 20844 
(pl. 66, fig. 16), is 1.84 mm. long and 0.50 
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mm. high. The second carapace is 2.30 mm. 
long and 0.69 mm. high. The height of both 
is between one-third and one-quarter of the 
length. In both of these specimens the ter- 
minal spines are broken, and, as the above 
measurements of length were made along 
the dorsum, the length including the spines 
would be somewhat greater. The anterior 
spines turn up at a slight angle to the 
hingeline. The anteroventral and_ pos- 
teroventral flattened flanges are well de- 
veloped. In dorsal view the sides of the 
carapace are nearly parallel in the median 
part of the shell. The hinge line is not en- 
trenched. Ventrally the left valve overlaps 
the right slightly in the median part of the 
shell, but in the flanged part of the free mar- 
gin the valves meet in a plane, with no 
overlap. The anteroventral flattened flange 
is shorter and less well developed than the 
posteroventral flange. The anterior spine on 
the left valve seems to be somewhat better 
developed than that on the right. 

Acanthoscapha navicula Ulrich differs from 
A. bohemica (Bouéek) in being propor- 
tionately somewhat less attenuate, and hav- 
ing a less distinct flattened ventral flange. 
Acanthoscapha decurtata (Bouéek), accord- 
ing to the original illustration of the holo- 
type (Bouéek, 1936, pl. V, fig. 1) differs from 
A. navicula in having the flattened flange 
extending along the entire venter, with no 
area of overlap. Acanthoscapha devonica 
(Kesling & Sohn) lacks the terminal spines 
of A. navicula, and A. lenticulata (Stewart 
& Hendrix) is not as attentuated. 

Ulrich’s original conception of Acantho- 
scapha as an elongate ostracode with a 
spine at one end and with the other end 
rounded may have been influenced by the 
occurrence in Beecher’s collection of an un- 
described species of the type formerly re- 
ferred to Bythocypris. This form is similar 
to Ulrich’s original definition of the genus 
in having a terminal spine on one end and 
being rounded on the other. It is elongate 
like A. navicula, but differs in having a 
curved dorsum, no flattened anteroventral 
and posteroventral flanges, and having a 
distinct anterior vestibule. This form is rare 
and, as not enough specimens are available 
to determine all of its characteristics its 
systematic position is uncertain. 

Types.—The lectotype, YPM 20390, the 
lectoparatype, YPM 20391, and the figured 
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complete carapace, YPM 20844, are in the 
collections of the Yale Peabody Museum, 
New Haven, Connecticut. 


FAMILY UNCERTAIN 
Genus JANUSELLA Roth 1929 


Type species—Janusella biceratina Roth, 
1929, p. 363-365, pl. 37, figs. 23 a—-c. Holo- 
type, USNM 80665. 

Diagnosis.—Asy mmetrical ostracodes 
with a hollow, dorsally directed spine or 
node on the dorsum of the left valve and a 
latero-posteriorly directed spine on the 
posterior of the right valve. Left valve over- 
laps right ventrally, and fits into lip in right 
valve on anterior margin. Hinge simple. 
Muscle scar not known. 

Discussion.—Roth gave no generic diag- 
nosis in his description of Janusella bicera- 
tina, and considered the species rare, as 
he had only three specimens. Two addi- 
tional species are now known, one of which 
is as yet undescribed, and the other is dis- 
cussed in this paper. The above diagnosis is 
based on specimens of all three species. 
The resemblance of the right valve of 
Janusella to that of Krausella Ulrich, 1894 
suggests that the genera may be related, as 
noted by Roth (1929, p. 364). As neither 
genus possesses a duplicature they cannot 
be placed in the Beecherellidae as redefined, 
and are listed here as ‘“‘Family uncertain.” 
At present, the stratigraphic position of 
only two species of Janusella is known and 
both species come from beds of Helder- 
bergian age. 


JANUSELLA SUBTUMIDA (Ulrich) 1891 
Pl. 66, figs. 7-10 
Beecherella subtumida Ulrich, 1891, p. 200-201, 

pl. II, figs. 5-7. 

Acanthoscapha subtumida (Ulrich). Bassler & 

Kellett, 1934, p. 145. 

Diagnosis —Left valve with well devel- 
oped sharp spine and incipient node on pos- 
terior end. Right valve evenly curved in 
dorsal outline, anterior lip and posterior 
spine well developed. 

Description of types —The type material 
consists of four right valves, two in the col- 
lections of the Yale Peabody Museum and 
two in the collections of the U. S. National 
Museum. Ulrich (1891, p. 102) states that 
the type isin Dr. C. E. Beecher’s collection, 
which would indicate that one of the speci- 
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mens at Yale is the holotype, although the 
specimens in the National Museum are 
labeled ‘‘holotypes”’ (sic.) in what appears 
to be Ulrich’s handwriting. As, under these 
circumstances, it is necessary to designate a 
lectotype, specimen YPM 20395 is so desig- 
nated, this being the most nearly complete 
of the four available. 

The lectotype is 1.54 mm. long and 0.70 
mm. high. The posterior spine, which is 
broken at the tip, protrudes about 0.15 
mm. beyond the contact margin of the valve. 
The dorsal margin is curved, but the hinge 
line as seen on the interior of the valve is 
straight, and at a slight angle to the ventral 
margin, which is nearly straight. The an- 
terior margin is curved, and the posterior 
acuminate ventrally, terminating in a spine 
which is nearly in a line with the ventral 
margin. At the anterior end of the shell 
there is a lip-like projection which extends 
beyond the contact margin in the plane of 
the valve. The valve is tumid at its mid- 
point. The muscle scar is not preserved. The 
shell surface is smooth. 

The lectoparatype, YPM 20396, is similar 
to the lectotype, but is incomplete along 
the dorsal margin. Of the two lectoparatypes 
in the National Museum, both numbered 
USNM 41817, one is complete except for 
the posterior spine (pl. 66, fig. 7), the other 
is broken in half. 

Discussion.—In addition to the type ma- 
terial described above, about 70 specimens 
of Janusella subtumida, all right valves, 
have been receovered from Beecher’s collec- 
tion. Ulrich (1891, p. 203), in describing 
Beecherella cristata, states that in this spe- 
cies the left valve is without a spine, whereas 
the right valve has a posterior spine, and 
suggests that ‘‘B. subtumida, known only 
from right valves, is evidently a related 
form, and it is possible that in it too the 
left valve is spineless, which may account 
for its non-recognition.’’ From the same lot 
containing the right valves, about 45 left 
valves with the characteristic dorsal spine 
of Janusella have been recovered. The out- 
line of the contact margins of both valves 
and the absence of any other left valves in 
the collections which could fit ‘‘Beecherella” 
subtumida suggest strongly that these valves 
belong together, and the species has ac- 
cordingly been placed in Janusella, although 
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as yet no articulated valves have been 
found. This assignment is strengthened by 
comparison of Janusella subtumida with 
J. biceratina Roth, the type of the genus. 
The holotype of J. biceratinag USNM 
80665, which is crushed, and two uncrushed 
topotype specimens all show indications of 
the anterior lip on the right valve into which 
the edge of the left valve fits. Neither this 
lip, nor any other marginal structure, is 
present on the left valve. 

The additional material of J. subtumida 
permits a more expanded description of the 
species than was possible to Ulrich. The 
smallest left valve is 0.65 mm. long and 0.46 
mm. high, including the dorsal spine, the 
smallest right valve 0.69 mm. long, includ- 
ing the posterior spine, and 0.35 mm. high. 
The largest left valve is 1.92 mm. long and 
1.38 mm. high, including the dorsal spine, 
the largest right valve is 1.98 mm. long, 
including the unbroken posterior spine, and 
0.84 mm. high. There is little apparent 
change in outline or other features between 
the smallest instars and the largest, although 
such characteristics as length of spine and 
proportional length of shell appear to vary 
between specimens of the same general size. 
The smallest molts of the left valve seem to 
have proportionally smaller dorsal spines, 
and the posterior node or swelling is incon- 
spicuous. 

The most distinctive specific character of 
Janusella subtumida is the node-like pos- 
terior swelling on the left valve. This fea- 
ture is lacking on Janusella biceratina and 
on an undescribed species of Janusella from 
the Gaspé Peninsula. 

Types.—The lectotype, YPM 20395, and 
the lectoparatype YPM 20396, are in the 
collections of Yale University, New Haven, 
Connecticut. The lectoparatypes USNM 
41817 are in the collections of the U. S. 
National Museum, Washington, D. C. 


GENUS UNCERTAIN 


‘“‘BEECHERELLA”’ ANGULARIS Ulrich 1891 
Pl. 66, figs. 11-15 
Beecherella angularis Ulrich, 1891, p. 204, pl. IT, 
figs. 10-12. 
Acanthoscapha angularis (Ulrich). Bassler & 
Kellett, 1934, p. 145. 
Description of tybe—The holotype, YPM 
20397, is a right valve with an arcuate 
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dorsum, a rounded anterior margin, a flat 
venter terminating in a small spine, and a 
gently curved posterior margin which joins 
the ventral margin at the small spine. In 
end view the valve is widest through the 
flattened venter. The hinge is straight, 
» simple, parallel to the ventral margin, and 
about one-half to one-third the total length 
of the valve. The muscle scar is not pre- 
served, and the duplicature is not present. 
The shell surface is smooth. There is a dis- 
tinct but low carina where the ventral 
surface joins the lateral surface at an acute 
angle. The cross section of the valve is tri- 
angular. It is 1.40 mm. long, 0.70 mm. high 
and 0.40 mm. wide. 

Discussion.—Ulrich’s description was 
based on one specimen, the _ holotype. 
Beecher’s collection has now yielded 50 ad- 
ditional valves, of which 26 are left valves 
and 24 are right valves, as well as one com- 
plete carapace. The carapace is poorly pre- 
served, but does show details of the ventral 
overlap and the general cross-section of the 
shell. A more complete description of the 
species can be made on the basis of this 
supplementary material. The carapace is 
nearly equivalved, with a markedly flat- 
tened venter and triangular cross-section. 
The left valve is slightly larger and over- 
laps the right ventrally. The hinge is 
slightly entrenched and is a modified tongue- 
and-groove type; apparently a ridge on the 
left valve fits into a groove on the right. 
There is no indication of a muscle scar on 
any of the specimens. The posterior spine 
can more properly be considered a hemi- 
spine, since each valve contributes half of 
what appears as a spine on the closed cara- 
pace. No traces of a duplicature are pre- 
served on any of the specimens. There is 
apparently little change in proportions and 
outline from the younger instars to the older. 

Ulrich (1891, p. 204) originally assigned 
this species to Beecherella, presumably be- 
cause the triangular cross-section is remi- 
niscent of B. carinata, although the differ- 
ences were sufficient so that the label with 
the type reads ‘‘Beecherella? angularis.”’ It 
was subsequently placed in Acanthoscapha 
by Bassler & Kellett (1934, p. 145), because 
at that time the genus included ostracodes 
with a rounded anterior margin and a 
posterior spine. As these genera have been 
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redefined, it cannot be included in either 
because of the absence of the duplicature, 
and probably belongs in a third, as yet un- 
described, genus. Although the material 
now at hand is adequate for taxonomic pur- 
poses, it seems advisable not to propose a 
name until the type locality and horizon 
can be more definitely located, or until 
additional species are found at other hori- 
zons. 

Ulrich’s original description and illustra- 
tion show the flattened margin as dorsal, 
and the spine as antero-dorsal. The orienta- 
tion has been changed in the present paper 
because more compiete specimens have per- 
mitted study of the hinge, and because the 
spine is considered more likely to be pos- 
terior in position. 

Types.—The holotype, YPM 20397, and 
the figured carapace, YPM 20843, are in the 
collections of the Peabody Museum, Yale 
University, New Haven, Connecticut. Topo- 
type specimens are also in the collection of 
the U. S. National Museum, Washington, 
D.C. 


‘‘BEECHERELLA” CRISTATA 
Ulrich 1891 
Pl. 66, figs. 1-4 
Beecherella cristata Ulrich, 1891, p. 202-203, pl. 

II, figs. 16-18. 

Acanthoscapha cristata (Ulrich). Bassler & Kellett, 

1934, p. 145. 

Description of types —The types consist of 
two specimens, both labeled USNM 41816. 
One of these, the anterior half of a carapace 
(pl. 66, fig. 3), is labeled ‘“‘Type,’’ and ap- 
parently at some later date the prefix 
‘“‘Holo-”’ was written in front of the original 
designation. This is presumably the speci- 
men illustrated by Ulrich (pl. II, figs. 16- 
18), as he shows and describes a whole cara- 
pace. The back of the label with this speci- 
men has a note ‘‘spine broken away in 1894, 
E. O. U.” The other specimen is a right 
valve in good condition except that the spine 
is broken above the base (pl. 66, fig. 4). 
There is no indication on the label that this 
specimen was considered a type by Ulrich, 
other than the fact that it carries the same 
number as the figured specimen. This speci- 
men was not illustrated, but was presum- 
ably used by Ulrich in his conception of the 
species. Although Ulrich did not specifically 
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designate a holotype, there is little doubt 
that the carapace, now broken, which was 
described and illustrated is the holotype. 
Unfortunately, the specific characters are 
no longer recognizable from this specimen. 

The holotype, as it now exists, consists of 
a part of the anterior portion of a carapace 
(pl. 66, fig. 3). The anterior part of the left 
valve overlaps the right, and projects in a 
small, triangular, flap-like spine. The para- 
type is a right valve, with the stump of a 
small, subcylindrical posterior spine and an 
anterior lip-like flange which presumably 
fits against the left valve. The maximum 
length, exclusive of the spine, is 1.39 mm., 
and the maximum height is 0.60 mm. The 
spine is about 0.08 mm. long. The shell sur- 
face is smooth. The dorsal and posterior 
margins are evenly curved. The peg-like 
posterior spine projects from the surface of 
the valve in front of the posterior contact 
margin. The anterior margin has a slightly 
angular break in profile at about two-thirds 
the height of the valve, but is otherwise 
evenly curved. The ventral margin is 
slightly sinuate. Internally the hinge ap- 
pears to be simple, fairly short and straight, 
and located in the posterior half of the valve. 
The anterior lip is well developed and pro- 
jects beyond the contact margin of the 
valve, much as in Janusella subtumida (UI- 
rich). The muscle scar is not preserved, and 
there are no indications of a duplicature. 

Discussion.—Ulrich originally described 
the spine, here considered posterior, as an- 
terior in position. The orientation here pro- 
posed is based on the currently recognized 
criteria applied to ostracodes. . 

Ulrich (1891, p. 202,203, pl. II, figs. 16,19) 
describes and illustrates a ‘‘crest” or ridge on 
the spinose right valve parallel to and 
slightly below the ‘‘dorsal” margin. This 
“crest’’ is no longer visible on the holotype, 
and is not present in the paratype right 
valve, where it should be, according to UI- 
rich’s illustration. No such crest has been 
observed on 12 topotype specimens which 
are conspecific with the paratype, and also 
agree in all other characters with the holo- 
type. It therefore seems probable that the 
crest was adventitious silica, and not a natu- 
ral feature of the shell surface. This is likely 
in view of the preservation of other speci- 
mens in Beecher’s collections, many of 
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which nave bits of silica adhering to them. 
The crest is therefore considered here not to 
be a specific character. 

The topotypes which include six complete 
carapaces, as well as separated right and 
left valves, permit some additional observa- 
tions about the species. The left valve, as 
noted by Ulrich (1891, p. 203), differs 
markedly from the right. Ulrich describes a 
“narrow flattened border at each end” of 
the left valve. This border is present in the 
topotypes, where it is produced into a small 
flap-like spine, so that the lateral outline of 
the left valve is acuminate at both ends. The 
left valve lacks the anterior lip present in 
the right valve. In lateral outline, a com- 
plete carapace appears to have a spine at 
each end, the anterior one projecting from 
the left valve, the posterior from the right. 
The marked asymmetry was noted by UI- 
rich, who stated that if the valves were not 
found together, they would probably be as- 
signed to different species, if not different 
genera. 

This species probably represents an as yet 
undescribed genus, possibly related to 
Krausella and Janusella. Since the type 
locality is uncertain, the stratigraphic posi- 
tion not well established, and the holotype 
broken, it is not considered advisable to de- 
scribe a new genus on the basis of the ma- 
terial at hand. A species that may be con- 
generic with ‘‘Beecherella”’ cristata has been 
found in the Upper Silurian of Maine. 

Types.—The holotype and paratype, both 
numbered USNM 41816, are in the collec- 
tions of the U. S. National Museum, Wash- 
ington, D.C. 


‘“‘BEECHERELLA”’ SUBTUMIDA var. 
INTERMEDIA Ulrich 1891 
(nomen dubium) 
Pl. 66, fig. 5 

Beecherella subtumida var. intermedia Ulrich, 
1891, p. 201-202, pl. II, fig. 15. 

Acanthoscapha subtumida intermedia (Ulrich). 
Bassler & Kellett, 1934, p. 145. 


Description of type—The holotype is a 
right valve, broken at the posterior end. The 
present maximum length is 0.94 mm., the 
maximum height is 0.54 mm. The dorsal 
margin is curved, the maximum height being 
anterior to the mid-point of the valve. The 
anterior margin is evenly rounded, and the 
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ventral margin is nearly straight. The ante- 
rior end of the shell has a small lip like those 
of Janusella subtumida and ‘‘Beecherella”’ 
cristata. There is no indication of a duplica- 
ture or a muscle scar. The hinge appears to 
be simple. 

Discussion.—According to Ulrich’s origi- 
nal description, the holotype of this species 
originally had a posterior spine, which is 
now missing. On the basis of his discussion 
and what remains of the type, the specimen 
might be either a juvenile right valve of 
Janusella subtumida, a right valve of ‘‘Bee- 
cherella”’ cristata, or a distinct species. The 
first mentioned alternative is the most 
probable. Since no specimens which can be 
certainly identified with Ulrich’s description 
have been found in the topotype collections, 
and since the species can no longer be recog- 
nized from the holotype, the name ‘‘Bee- 
cherella”’ subtumida intermedia should be re- 
garded as a nomen dubium. 

Type.—The holotype, USNM 41818, is in 
the collections of the U. S. National Mu- 
seum, Washington, D. C. 


‘‘BEECHERELLA” OVATA Ulrich 1891 
(nomen dubium) . 
Pl. 66, fig. 6 
Beecherella ovata Ulrich, 1891, p. 202, pl. II, figs. 
13,14 
Acanthoscapha ovata (Ulrich). Bassler & Kellett, 
1934, p. 145. 


Description of type—The holotype is an 
incomplete left(?) valve; it is, exclusive of 
the spine, 1.54 mm. long and 1.00 mm. high. 
The anterior, dorsal, and part of the ventral 
margins are broken; the posterior margin is 
relatively complete and is subelliptical in 
outline. The interior of the valve is filled 
with adventitious silica. The spine is about 
0.40 mm. long and rises from the postero- 
ventral(?) slope of the valve, above the con- 
tact margin. Anterior to it is a shallow de- 
pression, which appears to merge dorsally 
into a fairly deep median pit. The shell sur- 
face is grainy, and the silicification appears 
more crude than in other ostracodes from 
the same collection. This may indicate a 
difference in the original shell composition. 

Discussion.—The preservation of the 
holotype is so poor that it is not possible to 
determine the relationships of this species, 
although the median pit indicates that it 


should not be referred to Beecherella as re- 
defined. Possibly it is part of an undescribed 
thlipsurid, but the broken margins inhibit 
any precise classification. No specimens 
which could cohceivably be conspecific have 
been found in the topotype material picked. 
Under these circumstances, the species is 
here considered unrecognizable and a nomen 
dubium. 

Type.—The holotype, YPM 20394, is in 
the collections of the Yale Peabody Mu- 
seum, New Haven, Connecticut. 
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THE OSTRACODE FAMILY BEROUNELLIDAE, NEW! 


I. G. SOHN anp JEAN M. BERDAN 
U. S. Geological Survey, Washington, D. C. 





ABSTRACT— The family Berounellidae is erected for the Paleozoic genera Berounella 
Bouéek, 1936, and Kirkbyellina Kummerow, 1939. Specimens of undescribed species 
of Berounella are illustrated for the first time in North America. 


INTRODUCTION 


N PREPARING the descriptions of genera 

for the forthcoming volume Q (Ostra- 
coda) of the Treatise on Invertebrate 
Paleontology, Sohn was assigned the family 
Kirkbyidae and Berdan the family Bee- 
cherellidae. As a result of discussion between 
the authors, it became apparent that the 
genera Kirkbyellina, which Sohn had re- 
jected from the Airkbyidae, and Berounella, 
which Berdan had rejected from the Beech- 
erellidae, showed remarkable resemblances 
and should be grouped together in a new 
family, Berounellidae, here proposed. 

The genus Kirkbyellina Kummerow 1939 
was described in the Kirkbyidae by the 
original author. Agnew (1944, p. 219) re- 
ferred it to incertae sedis,. and Mertens 
(1958, pl. 7) placed it in incertae familie. 
Berounella Bouéek 1936 was assigned to the 
Beyrichiidae by Bouéek (1936, p. 65). This 
assignment was questioned by Schmidt 
(1941, p. 24), and Agnew (1942, p. 757 
placed it in ?Beecherellidae. Later Hen- 
ningsmoen (1953, p. 247, 248, 273) and Mer- 
tens (1958, pl. 7) transferred it to the Alanel- 
lidae. 

Specimens assigned to Berounella from 
silicified residues of limestone from New 
York and Nevada digested with acid have 
yielded additional information on the struc- 
ture of the posterior projection and demon- 
strated the presence of a duplicature in this 
unusual group of ostracodes. Specimens 
from New York from the collections of C. E. 
Beecher in the Yale Peabody Museum were 
loaned to the authors by Prof. C. O. Dunbar 
and Dr. Karl M. Waagé. 


Order Popocopipa Sars 1865 
Family BEROUNELLIDAE n. fam. 


Small, subquadrate, lobed and spinose 


1 Publication authorized by the Director, U. S. 
Geological Survey. 


ostracodes with a posterior extension of the 
dorsal margin as a straight, narrow tube 
that, where unbroken, is equal to half or 
more of the greatest length of the rest of the 
valve. No velate structure. Hingement 
simple, overlap inconspicuous, surface 
smooth or reticulated. Duplicature present. 
Sil.-Dev., Miss.(?). 

Discussion—The most characteristic fea- 
ture of the two genera included in this 
family is the extension of the dorsal margin 
as a long, hollow tube. In Berounella, this 
tube is common to both valves, each having 


‘a posterior projection which is semicircular 


in cross-section. As far as we know, nothing 
resembling this structure occurs in any other 
group of ostracodes. Many ostracodes have 
posterior spines, but these spines do not 
consist of a tubular structure shared equally 
by both valves. Cytheropteron fluitans 
Bonnema, 1941, from the Cretaceous of 
Holland, has a short posterior extension that 
superficially resembles this structure, but is 
described as having a crenulate merodont 
hinge. 


Genus BEROUNELLA Bouéek, 1936 
Berounella Bouéek, 1936, p. 65. 


Type species —By original designation, 
Berounella rostrata Bouéek, 1936, p. 66, pl. 4, 
fig. 8a,b, Upper Silurian, e@, Budiany, 
Czechoslovakia. 

Diagnosis ——Trilobate, spinose  dorso- 
anterior margin, with or without additional 
spines on the surface of the valves. 

Stratigraphic range-——Upper Silurian to 
Middle Devonian, Europe and North 
America. 

Discussion.—Bouéek (1936, p. 66) based 
his description of the type and only species 
of this genus on three separated valves. His 
original diagnosis of Berouwnella is translated 
as follows: “Elongate Beyrichiidae with 
long, straight hinge margin, which is drawn 
out on both ends into two spine-like beaks. 
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Ventral margin is long and straight, with a 
‘Saum.’ [Ventro-lateral pinching of the 
valves, see Kesling and Sohn, 1958, p. 518]. 
A sharply indented median sulcus and a 
shorter anterior sulcus divide the lateral 
surface of the valves into three unequal 
lobes.” 

In the description of B. rostrata, Bouéek 
states further that the posterior projection 
extends backward as a prolongation of the 
hingeline and the anterior is directed ob- 
liquely upward. The holotype of B. rostrata 
has the following measurements: length 
1.30 mm., height 0.40 mm., width 0.25 mm. 
The occurrence is given as rare in gray, 
ostracode rich platy limestone at the passage 
between eG and ey near Budiiany (Javorka). 

Twenty-nine separate valves and four 
carapaces of a species considered by us con- 
generic with Berounella rostrata Boutéek 
have been picked from silicified residues of 
Kalkberg limestone (Lower Devonian), 
New York. The limestone was collected and 
etched by C. E. Beecher in the late nine- 
teenth century. One specimen of another 
species of Berounella has been found in sili- 
cified residues of an unnamed Middle 
Devonian (?) formation from the Cortez 
Range, Eureka County, Nevada (pl. 67, 
figs. 5,6). Neither species is to be described 
at the present time, because of inadequately 
preserved specimens and uncertain locality 
data. However, this additional material 
provides further information concerning the 
genus, and is therefore illustrated. 

As may be seen from plate 67, figures 7-15, 
the silicified specimens from the Kalkberg 
limestone show a distinct duplicature. It is 
therefore necessary to remove the genus 
from the family Beyrichiidae (Paleocopida), 
where it was placed by Bouéek, and to place 
it in a new family in the order Podocopida. 
The anterior spine appears to be solid, and 
in the specimens from the Kalkberg lime- 
stone is better developed on the right valve 
than on the left. Bouéek (1936, Pl. IV, fig. 
8a) illustrates a left valve on which the 
spine is restored, suggesting that this might 
also be true of the type species. Many speci- 
mens from the Kalkberg limestone show a 
development of small finger-like spines along 
the dorsoanterior margin, especially on the 
left valves. These spines, as well as spines 


projecting posteroventrally or laterally from 
the posterior part of the valve are believed 
to be of specific significance. The posterior 
‘“‘spine’’ is an extension of each valve along 
the hingeline, forming a long, hollow tube 
which in one of the most complete examples 
is slightly greater than the greatest length of 
the carapace excluding the posterior pro- 
jection (pl. 67, fig. 11). 

The specimens available to us are too 
crudely silicified to provide any information 
on surface ornamentation, nor does Bouéek 
mention the details of the surface in his 
original description. 

The valves are nearly symmetrical, the 
left valve slightly overlapping the right on 
the ventral margin. The flattened contact 
margin mentioned by Bouéek is developed 
only on the anteroventral and part of the 
posteroventral margins of our material. 


Genus KIRKBYELLINA Kummerow 1939 
Kirkbyellina Kummerow, 1939, p. 30. 


Type species ——By original designation, 
Kirkbyellina styliolata Kummerow, 1939, 
p. 31, pl. 3, figs. 5a,5b, Middle Viséan, Bins- 
feldhammer bei Stolberg, Rheinland. 

Diagnosis.—Small, long ostracodes with 
a wide subcentral sulcus surrounded by a 
wide U-shaped lobe that has a knob in the 
dorsoanterior portion of the shell and trends 
toward the dorsoposterior projection. 

Stratigraphic range—Lower Carbonifer- 
ous (?), Europe. 

Discussion—Kummerow (1939, p. 30) 
gave the following diagnosis for Kirkbyel- 
lina, which is translated as follows: 

‘Small, longish shells with a strong hori- 
zontal process.”’ His description of K. stylio- 
lata, the type and only species, is as follows 
(Kummerow, 1939, p. 31): 

“Shell small, elongated. Dorsal margin 
long, straight, with a strong horizontal 
process on the anterior end that is incom- 
pletely preserved, and perhaps exceeds the 
length of the shell. Anterior and posterior 
margins rounded. Ventral margin shallowly 
convex, almost straight. A deep sulcus is 
located behind the mid point of the dorsal 
margin and reaches almost to the middle of 
the valve. Behind it lies a prominent hemi- 
spherical knob. From its lower side a lobe 
curves under the sulcus toward the anterior 
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and terminates about } of the length of the 
valve. It slopes steeply toward the ventral, 
and gradually toward the dorsal margin. 

The flattened contact margin is broad 
along the anterior part of the ventral margin 
and narrow along the posterior part. The 
point of greatest height is the anterior. The 
upper surface appears to be reticulated. 

Measurements (holotype).—Length with- 
out spine 0.73 mm., height 0.37 mm., width 
0.26 mm. 

Occurrence.—Binsfeldhammer bei Stol- 
berg, Rheinland: Middle Viséan, S’’. 

So far as can be determined, Kummerow 
based Kirkbyellina on a single valve, which 
he oriented with the long process as anterior. 
The remarkable resemblance of Kirkbyellina 
as illustrated and described to Berounella 
suggests that both genera should have a 
similar orientation. The orientation of 
Berounella with the process as posterior 
agrees with current criteria of ostracode 
orientation, and the orientation of Kirkbyel- 
lina is therefore reversed 180°. 

We have had no specimens of Kirkbyellina 
for study, and all comparisons are therefore 
based on Kummerow’s description and il- 
lustrations. The principal difference be- 
tween the two genera (pl. 67, figs. 3,4) ap- 
pears to be that Berounella is distinctly bi- 
sulcate, but Kirkbyellina has only one large 
median sulcus. 

Superficially Kirkbyellina resembles Han- 
aites Pokorny, 1950 and related genera be- 
cause of the large subcentral sulcus, but 
Hanaites has solid short posterior spines. 

The type locality of the holotype of Kirk- 
byellina is in an area of complex geologic 
structure. The geologic map of the region 
shows at Binsfeldhammer many _ small 
fault blocks of Paleozoic rocks. The possibil- 


ity that the specimen was collected from 
older rocks cannot be overlooked. This 
hypothesis is supported by the lack of record 
of berounellid ostracodes from the Carboni- 
ferous of Europe and North America. Addi- 
tional work at the type locality is necessary 
to verify the age of this genus. 
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EXPLANATION OF PLATE 67 
(Except where noted, magnification X60) 


Fics. 1,2—Berounella rostrata Bouéek 1936, holotype, left valve, and lateral and ventral views, X40, 
Upper Silurian, Bohemia. (From Bouéek, 1936, Pl. IV, figs. 8a,8b). 
3,4—Kirkbyellina styliolata Kummerow 1939, —— left valve, lateral and dorsal views, 
X30. The thread-like line on the anterior part of fig. 3 is considered by us as not part of 
the specimen. Middle Viséan, Germany. (From Kummerow, 1939, Plate III, figs. 5a, 5b). 
5,6—Berounella? sp., left valve, anterior broken, dorsal and lateral views. Middle Devonian (?), 
Cortez Range, Nevada, USGS loc. 4933-SD, figured specimen USNM no. 143012. 
7-15—Berounella sp., 7-9, left valve, lateral, dorsal and interior views, figured specimen YPM 
no. 20846, 10, right valve of a young instar, lateral view, figured specimen YPM no. 20847, 
11, right view of carapace, slightly tilted, to show overlap, figured specimen, YPM no. 
20848, 12, left valve, lateral view, figured specimen, YPM no. 20849, 13, interior view, 
figured specimen, YPM no. 20850, 14, right valve, lateral view, figured specimen, YPM 
no. 20851, 15, left valve, interior view, anterior portion missing, figured specimen, YPM 
no. 20852. Kalkberg limestone, Albany County, New York. YPM means Yale Peabody 


Museum. 
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A NEW LOWER DEVONIAN STROPHEODONTID BRACHIOPOD 
ARTHUR J. BOUCOT! 





ABsTRACT—Lower Devonian brachiopods from Nova Scotia show affinities with the 
Rhenish faunal province. Rhenostrophia, a new subgenus of Stropheodonta is de- 


scribed. 





INTRODUCTION 


OLLECTIONS of Lower Devonian brachio- 

podsfrom the Nictaux-Torbrookand Bear 
River areas of the Annapolis Valley, Nova 
Scotia, have recently been submitted to the 
author by Professor Charles Hickox, Colby 
College, Mr. George DeVries Klein, Yale 
University, and Mr. William Smitheringale, 
Geological Survey of Canada. These faunas 
have turned out to be of considerable inter- 
est inasmuch as they show affinities with the 
Rhenish faunal province, rather than with 
the Appalachian, and are the only Lower 
Devonian faunas of Rhenish affinities known 
in North America. A paper discussing the 
zoogeographic implications of these faunas, 
as well as their age and composition, is now 
being prepared for presentation at the 
International Geological Congress in Copen- 
hagen. The Rhenish elements in these 
faunas, among which is the new subgenus 
Stropheodonta (Rhenostrophia) are illus- 
trated in plate 68. 


1 Department of Geology and Geophysics, 
Massachusetts Institute of Technology. 


SYSTEMATIC DESCRIPTION 
Phylum BRACHIOPODA 
Class ARTICULATA 
Superfamily STROPHOMENACEA 
Family STROPHEODONTIDAE 
Genus STROPHEODONTA Hall, 1852, 
emended Williams, 1953 
Subgenus RHENOSTROPHIA, new 


subgenus 
Type  species—Orthis subarachnoidea 
D’Archiac et De Verneuil, 1842, Trans. 


Geol. Soc. London, 2d ser., v. 6. p. 372, pl. 
36, fig. 3. 

- Diagnosis.—S. (Rhenostrophia) is char- 
acterized by the geniculate form of the 
valves. 

Comparison.—S. (Stropheodonta) is non- 
geniculate and_ possesses _parvicostellae 
which are thrown into secondary plications 
or costellae. S. (Brachyprion) is non-genicu- 
late and has weakly defined muscle impres- 
sions as compared with S. (Rhenostrophia). 
S. (Eostropheodonia) has short dental lamel- 
lae and hinge teeth in the pedicle valve, both 
lacking in S. (Rhenostrophia), and is non- 
geniculate. The characteristic stropheo- 





EXPLANATION OF PLATE 68 


Fics, 1-3—Tropidoleptus sp., Bear River, Nova Scotia. /, impression of interior of brachial valve 
(X2), showing crenulated dental sockets. Geological Survey of Canada No. 14760; 2, 
impression of exterior of brachial valve (2). Geological Survey of Canada No. 14760; 
3, impression of interior of pedicle valve (X2). Geological Survey of Canada No. 14760. 

4-6—Proschizophoria sp., Fales River, near Torbrook, Nova Scotia. 4, impression of exterior 
of pedicle valve (1). Geological Survey of Canada No. 14761a; 5, impression of interior 
of brachial valve (2). Geological Survey of Canada No. 14762; 6, Impression of interior of 
pedicle valve (1). Geological Survey of Canada No. 14761b. 

7-8— Meganteris sp., Bear River, Nova Scotia. 7, impression of interior of brachial valve (X1). 
Geological Survey of Canada No. 14763; 8, impression of interor of brachial valve (X1), 
showing crenulated adductor field. Geological Survey of Canada No. 14763. 

9—Stropheodonta (Rhenostrophia) sp., Bear River, Nova Scotia. Impression of interior of 
brachial valve (<1). Geological Survey of Canada No. 14764. 

10—Spirifer” cf. ‘‘S.”” bischofi, Bear River, Nova Scotia. Impression of interior of pedicle valve 
(X14). Geological Survey of Canada No. 14765. 
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dontid muscle pattern present in both valves 
of S. (Rhenostrophia) serves to remove it 
from close affinity with other groups of the 
Stropheodontidae such as the leptostro- 
phids. 

Exterior.—The outline of the valves varies 
from subcircular to laterally or longitudi- 
nally elongate but never departs far from 
subcircular. The brachial valve is gently 
concave for about two-thirds of its length 
and strongly geniculate for the remainder. 
The pedicle valve is gently convex for about 
two-thirds of its length and strongly genicu- 
late for the remainder. The maximum width 
of both valves is at the straight hinge line. 
Mucronate ears are present in well preserved 
specimens but are usually broken off. The 
fine ornamentation consists of radial parvi- 
costellae crossed by fine, irregularly spaced 
concentric growth lines. The interarea of the 
pedicle valve is gently apsacline and three to 
four times as long as the steeply anacline 
interarea of the brachial valve. The delthy- 
rium is closed by a triangular pseudodel- 
tidium which bears a low median fold. The 
geniculate portions of both valves are ir- 
regularly folded radially into loose, gently 
curved folds. The notothyrium is closed by 
a medially folded chilidium. The interareas 
of both valves are longitudinally grooved by 
the traces of the denticulations. 

Interior of brachial valve—The cardinalia 
consist of discrete cardinal process lobes 
laterally bounded by large socket plates. 
The posterior face of each cardinal process 
lobe is posteriorly inclined at about 45 de- 
grees to the plane of the commissure. The 
hinge line is denticulate in large specimens 
for about three-quarters of its length. The 
muscle field, strongly impressed and longi- 
tudinally elongate in outline, is about one- 
half to two-thirds as long as the valve and 
about one-fifth as wide. The anterior half of 
the muscle field is bisected by a low septum. 
The muscle impressions consist of an ellipti- 
cal, longitudinally elongate pair of folia- 
ceous posterior adductors and a slightly 
smaller pair of longitudinally elongate an- 
terior adductors separated by a septum. 
Both pairs of muscle impressions are later- 
ally bounded by a high, massive muscle- 
bounding ridge of secondary material. The 
periphery of the valve bears the impress of 
the parvicostellae, but the remainder of the 


interior is coated by a layer of secondary 
material which thickens rapidly in a medio- 
posterior direction. The region immediately 
lateral to the muscle field is deeply pitted. 

Interior of pedicle valve-—A well-developed 
ventral process is laterally bounded by 
deeply excavated process pits. Antero- 
laterally diverging from the process pits are 
muscle-bounding ridges which extend al- 
most to the midlength before turning medi- 
ally to bound the deeply impressed muscle 
field anteriorly. The muscle field is subcircu- 
lar to longitudinally elongate in outline. The 
muscle-bounding ridges include an angle of 
almost 90 degrees. The muscle field is flabel- 
late and consists of a pair of foliaceous, 
longitudinally elongate, posteriorly situated 
adductor impressions flanked laterally and 
bounded anteriorly by fasciculate diductor 
impressions. Both the adductor and diductor 
impressions are medially bisected by narrow 
grooves, that of the diductors corresponding 
in position to the septum which bisects the 
anterior adductors of the brachial valve. 
The periphery of the valve is impressed by 
the parvicostellae, but the remainder of the 
valve has a thick layer of secondary ma- 
terial. The portions of the valve immediately 
lateral of the muscle-bounding ridges are 
deeply pitted. The hinge line bears crenula- 
tions similar to those of the brachial valve. 

Remarks.—This shell has frequently been 
assigned to Leptostrophia, probably because 
of the flabellate diductors in the pedicle 
valve and the parvicostellate non-costate 
ornamentation. The presence of foliaceous 
adductor impressions in both valves pre- 
cludes this assignment (see Williams, 1953, 
for a discussion of the criteria used in the 
classification of the Stropheodontidae). 

Types.—A holotype has never been desig- 
nated for the type species. The present au- 
thor is unfamiliar with the location and 
condition of the original specimens used by 
D’Archiac and De Verneuil and feels that a 
European paleontologist familiar with the 
condition of the type collections should 
designate the holotype. 

Distribution —In North America the sub- 
genus is known only from the Nictaux- 
Torbrook and Bear River areas, Annapolis 
Valley, Nova Scotia. In northern Europe it 
is known from strata of upper Gedinnian to 
Emsian age in Belgium, France, England, 
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and Germany (Asselbergs, 1946, p. 328, S. 
gigas, middle Siegenian to upper Emsian; 
Drevermann, 1902, p. 114-115, pl. 14, figs. 
15-17; Drevermann, 1904, p. 273-277, pl. 
32, figs. 1-6). In Morocco it is known from 
strata of Emsian age (Termier, 1936, p. 
1128, pl. 2, figs. 6-7). The subgenus may 
also occur in the region of the Bosphorus in 
strata of Emsian age (Paeckelmann and 
Sieverts, 1932, p. 37). 


SPECIES ASSIGNED 


Orthis subarachnoidea D’Archiac et De Verneuil, 
1842, op. cit. 

Leptaena (Strophomena) gigas McCoy, 1852, p. 
387, pl. 2A, fig. 7. 

— herculea Drevermann, 1904, p. 276- 
277. 
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A NEW SPECIES OF SMILODON FROM A LATE 
PLEISTOCENE ALLUVIAL TERRACE DEPOSIT 
* OF THE TRINITY RIVER 


BOB H. SLAUGHTER 





ABSTRACT—A new species of Smilodon, S. trinitiensis is described from the Pleisto- 
cene deposits forming an alluvial terrace above the Trinity River at Dallas, Texas. 





INTRODUCTION 


6 pee second of a series of alluvial terraces 
rising above the Trinity River at 
Dallas, Texas, is the source of much of the 
sand and gravel used in the rapid growth of 
the city. During these mammoth excava- 
tions many fossils of late Pleistocene animals 
are uncovered. Although fossils are dug up 
daily, not one out of a thousand is recovered. 
No doubt hundreds of fossil elephants have 
been destroyed since the first one was re- 
corded in 1887. The present writer has 
counted fifteen semi-articulated skeletons of 
Mammuthus columbi in a single pit. Until 
about six years ago the only collection of 
any consequence was that of the late 
Ellis W. Shuler of Southern Methodist 
University, Dallas. In “Fauna of the 
Dallas Sand Pits” R. S. Lull described one of 
the crania collected by Shuler as Smilodon 
cf. fatalis (Leidy). The recent discoveries of 
a right mandible and a left superior canine 
referzhle to Smilodon, prompted a re-ex- 
amination of the previous find. 

Both the mandible and the cranium in 
Shuler’s collection are specifically different 
from all comparable material. Consequently, 
a new species is proposed with mandible 
No. 3.04 1s D.P.S.C., D.M.N.H.,* as the 
holotype and the cranium _previously- 
described as S. cf. fatalis as the paratype. 


GEOLOGY OF THE SECOND TERRACE 


The second terrace (T-2) stands some 70 
feet above present stream grade. Bedrock 
is Austin Chalk of late Cretaceous age. Al- 
luvial deposits average about twenty feet in 
thickness and commonly exhibit four recog- 
nized sub-divisions. These from base to top 
are as follows: 


* D.P.S.C.—Dallas Prehistorical Society. 
D.M.N.H.—Dallas Museum of Natural His- 
tory. 


Hill gravel—basal gravel five to twelve feet 
thick and primarily made up of limestone 
pebbles derived from the Washita group 
and redeposited marine fossils from sev- 
eral Cretaceous formations. Fossil bones 
from deep in the Hill gravel are water 
worn and usually fragmentary. Fossils 
near the top, however, probably have not 
been transported any great distance by 
the stream and are in better condition. 

Lower Shuler sand—0O to 15 feet of lami- 
nated sand covering the Hill gravels. 
Near the base thin lenses of pebbles char- 
acterize a rejuvenation of the gravel 
carrying properties of the river. Fossil 
wood and bone are found throughout the 
lower Shuler sand, but the pebble lenses 
are the most fossiliferous. Near the top, 
clay bands indicate the coming of Upper 
Shuler conditions. 

Upper Shuler clay—three to fifteen feet of 
sandy clay becoming less sandy near the 
top. The clay contains caliche nodules 
varying in size at different levels. Fossil 
locales are rare and the fossils themselves 
usually are in poor condition. Where 
fossils are found, however, they are abun- 
dant. 

Richards grey-black gumbo—six to eight 
feet thick. The Richards can only be dis- 
tinguished from the upland black soils by 
the presence of very small caliche nodules. 
No fossils have been recovered to date. 


ASSOCIATED FAUNA AND ITS 
IMPLICATIONS 


Primarily the same fauna extends through- 
out the terrace except for the Richards, 
which is essentially non-fossiliferous. Al- 
most all late Pleistocene types are repre- 
sented: Mammut, Mammuthus, Camelops, 
ground sloths, horses, and _ big-horned 
Bison. 
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The fauna as well as certain geological 
features (presence of caliche) indicates that 
arid conditions were prevalent at the time of 
deposition. The prairie dog, jack-rabbit, and 
the turtle Gopherus may be indicative of 
such conditions. This climatic condition may 
have a bearing on the smaller size of the 
Dallas type of Smilodon, reminiscent of 
the smaller size of desert dwellers compared 
to the mountain and woodland dwellers 
(big-horn sheep, deer, etc.). The most com- 
mon horse in the terrace is Asinus conversi- 
dens (Owen). J. H. Quinn (1957) gives the 
range of this species as ‘‘Sangamon inter- 
glacial? to late Wisconsin.”” C. W. Hibbard 
has mentioned that he knows of no Testudo 
material younger than Sangamon, and this 
genus is abundant throughout the T-2 ter- 
race. Consequently, it is the opinion of the 
writer that the entire terrace is Sangamon 
though there may be some secondary filling 
of Peorian age. Two carbon dates made by 
by Humble Oil and Refining Company in- 
dicated an age in excess of 37,000 years for 
the upper portion of the terrace (Crook and 
Harris, 1957, p. 68). 

The fact that only three specimens of 
Smiloden have been recovered at Dallas 
among hundreds of its contemporaries 
might lead the observor to believe that it 
was a truly rare beast in the area. Actually, 
carnivores as a whole are rare, and the 
Smilodon material represents almost half of 
large types collected. One specimen each of 
Arctodus sp., Aenocyon sp., Ursus sp., and 
coyote complete the list. 


Order CARNIVORA 
family FELIDAE 
SMILODON TRINITIENSIS, Slaughter, 
new species 
Pl. 69, figs. 1,3,4,7 


Holotype—A right mandible complete ex- 
cept for condylar process and incisors. 
No. 3.04 1s D.P.S.C. Dallas Museum 
of Natural History. Collected from a peb- 
ble lens near the bottom of the lower 
Shuler exposed by the Pemberton Hill 
Sand and Gravel operation at the south- 
ern city limit of Dallas. 

First paratype—A cranium with complete 
occiput and partially complete mastoid 
processes. No. 1.52 up-h, Southern Meth- 
odist University. Collected from the 
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uppermost Hill gravel in the Lagow Sand 
Pit four miles upstream from Pemberton 
Hill. 

Reffered—Distal 100 mm. of left superior 
canine. No. 4.01 1s-h, D.P.SC. Dallas 
Museum of Natural History. Collected 
from a pebble lens near the bottom of the 
lower Shuler at the Roy Moore pit 600 
yards downstream from Pemberton Hill. 


Description of mandible, No. 3.04 
1s D.P.S.C., D.M.N.H. 


The mandible is more slender than that of 
the other species of Smilodon and the 
modern Panthera leo. The symphysis is 
strong, joining abruptly, thus changing the 


A B 





TEXxT-FIG. [—a. Angle of symphyseal, Smilodon 
trinitiensis new species. b. Angle of symphyseal 
of true cats. 


angle of the symphyseal considerably from 
that of true cats (text-fig. 1). The diastema 
is short and has a marked upward curvature 
(pl. 69, fig. 1). Bovard mentions this feature 
in his ‘‘Notes on Quaternary Felidae from 
California” as being present in some speci- 
mens of S. californicus. He credited it to 
sexual difference. The curvature in the 
Dallas specimen, however, is more pro- 
nounced than in any of the illustrated man- 
dibles described by Merriam and Stock in 
“The Felidae of Rancho La Brea.’’ The 
mental foramen occupies a spot a little pos- 
terior of that in adult specimens of other 
species of Smilodon. The canine is incisi- 
form. P4 and MI complete the inferior den- 
tition. Both are strongly inclined poste- 
riorly. P£ hasa well developed anterior basal 
cusp, principal cusp or protocone (which in- 
cludes a little less than half of the entire 
tooth’s length), metacone and a posterior 
heel cusp. Anterior root is longer than the 
posterior. 
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MT is only slightly larger than P4. The 
metaconid blade is more than one and one- 
half times the length of the posterior para- 
conid blade and is parallel to the cingulum. 
Both anterior and heel cusps are present, 
roots more robust than all other species in 
the genus. It is evident that this tooth was 
self-sharpened by abrading against P4. 


Description of cranium, No. 1.52 
up-h, S.M.U.* 


The writer is indebted to Robert Perkins, 
formerly of the S.M.U. Geology Depart- 
ment, for the loan of this specimen. 

The brain case is larger, relative to the oc- 
ciput, and more convex transversely than 
S. californicus. The sagittal crest is thin and 
sharp. The lamboidal crests are distinct 
from the sagittal to the mastoid but the 
lamboidal eves overhang the occiput less 
than in the other known types. The mastoid 
process is inclined forward until it touches 
and partially fuses with the post-glenoid 
process. The narrow occiput is divided by a 
prominent occipital ridge and is consider- 
ably trenched and embossed. 


Description of left superior canine, 
No. 4.01 1s D.P.S.C., D.M.N.H. 


The total length of the left superior 
canine, which is incomplete, cannot be ac- 
curately determined. The pulp cavity ex- 
tends ten millimeters into the remainder as 
preserved. Merriam and Stock (1932, p. 
46) state that the root includes about two- 
thirds of the tooth’s total length in S. cali- 
fornicus. The estimate of the original length 
of the Dallas specimen on this basis is 200 
mm. The tooth is compressed laterally with 
the outer face more convex than the inner 
face. There appears to be no noticeable 
difference in the size, curvature, or cross- 
section to distinguish the new type from S. 
californicus or S. troglodytes. 


Comparison with S. californicus, Bovard 


Comparison was made with a cast of a 
complete skull of S. californicus through the 
courtesy of W. W. Newcomb, Jr., director of 
the Texas Memorial Museum. 

The Dallas mandible is smallér and more 
slender, relative to the cheek teeth, than S. 


* S.M.U.—Southern Methodist University. 


californicus. The diastema is shorter and 
shows a more marked upward curvature. 
Mental foramen occupies a spot posterior of 
that in adult specimens of S. caltfornicus. 
The canine is thinner transversely while P4 
and MI are considerably larger than the 
same teeth in like-sized mandibles of S. cali- 
fornicus. Asa matter of fact, though all man- 
dibular measurements of the Dallas speci- 
men fall into the lower 20% of twenty-five 
individuals of S. californicus described by 
Merriam and Stock (1932), not a single P4 
from California attains the anterior-pos- 
terior diameter of the Dallas P4, and only 
two inferior carnassials (MI) of the Cali- 
fornian type are as long anterior-posteriorly 
as the same tooth in the Dallas specimen. It 
should also be pointed out that the mandi- 
bles of S. californicus which contain teeth 
approaching the size of those in the Dallas 
mandible, have the largest mandibular meas- 
urements whereas the same measurements 
in the new species are closer to those of the 
smallest mandibles of S. californicus. When 
Lull described the Dallas cranium (1921) he 
stated: 
“‘The Dallas specimen differs from S. californi- 
cus not only in its lesser size, but in its rela- 
tively narrower occiput, the proportions of 
which compare more nearly with those of the 
tiger. The brain-case, on the other hand, is 
relatively larger in the Texas specimen, and 
the sagittal crest thinner; another distinction 
lies in a sharp thin verticle keel on the basi- 
occipital in S. californicus.” 


More complete material of S. californicus 
recovered later indicates that the _basi- 
occipital is subject to a good deal of varia- 
tion. The lamboidal eves do not overhang 
the occiput nearly as far in the Dallas speci- 
men as in S. californicus. The occiput in the 
new species (pl. 69, fig. 4) is more triangular 
than that of the California type (pl. 69, 
fig. 6). The postero-lateral area of the ma- 
toid is very smooth in the Dallas specimen 
whereas it is a roughened surface in S. 
californicus. 


Comparison with Smilodon 
troglodytes (Brown) 


Brown described two species of this genus 
from the Conard fissure in Arkansas, S. 
troglodytes and S. conardt. However, after 
the extensive collection of Smilodon cali- 
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TABLE 1—MANDIBULAR AND DENTITION MEASUREMENTS 











S. californicus, Bovard. 
Average of 22 to 25 specimens after S. trinitiensis, Slaughter, n. sp. 
Merriam and Stock (1932) 
1. Length of symphysis along 61.5 mm. 
anterior border. 65.7 mm. | within lower 20% of S. californicus 
2. Least depth of ramus at dia- 32.5 mm. 
stema. 33.9 mm. | within lower 20% of S. californicus 
3. Depth of ramus below pos- 38.5 mm. 
terior border of M1. 40.3 mm. | within lower 20% of S. californicus 
4. Thickness of ramus below 20 mm. 
MI. 22.4mm. | within lower 20% of S. californicus 
5. Greatest width across sym- 42.5 mm.* 
physis at flange. 53.2 mm. | only one in 25 specimens of S. californicus is as narrow 
6. Greatest width across symphy- 54 mm.* 
sis to outer walls of C.alveoli. 56.8mm.| within lower 20% of S. californicus 
7. Length from posterior edge 53 mm. 
of C to anterior edge of P4. 60.1mm.| within lower 20% of S. californicus 
8. Anterior-posterior diameter 28 mm. 
of P4. 24.6mm. | larger-than all 25 specimens of S. californicus 
9. Anterior-posterior diameter 30.2 nim. 
of MI. 28.4 mm. | only 2 of 25 specimens of S. californicus are as large 
10. Anterior-posterior diameter 17.4 mm. 
of protoconid blade of MI. ~* 13.4mm. 
11. Anterior-posterior diameter 14.4 mm. 
of C. 14.8 mm. 
12. Transverse diameter of C. 11.5 mm. 9.8 mm. 
only 2 of 22 specimens of S. californicus are as small 








* As only the right mandible was collected the measurement was doubled. 


fornicus from Rancho La Brea were studied, 
Merriam and Stock (1932) concluded that 
as there was considerable variation in the 
sabre-tooth cats, only one of Brown’s spe- 
cies be recognized, S. troglodytes, and the 
specimens referred to as S. conardi be re- 
ferred to the former. 

The lack of P3 in the Dallas mandible 
separates it from the Arkansas type. The 
sectorial teeth are larger in the Dallas spe- 
cies, but as S. troglodytes is represented by 
teeth only, it cannot be determined how the 
size compares relative to the mandible. The 
reduction of teeth bei a more advanced 
trait, it may be suggested that the new spe- 
cies is slightly later geologically. 


Comparison with Smilodon 
nebrascensis, Matthew 


Matthew used the shorter diastema to 
separate this species from S. californicus. 
This is a point of agreement with S. trini- 
tiensis n. sp. In bringing up this point, 
Matthew (1918, p. 229) states: 

“‘The post canine diastema is decidedly shorter 

than S. californicus jaws with which I have 

compared it, the cheek teeth are about the 
same size.” 


This it would seem, could affiliate the 
Dallas specimen to Matthew’s species, but 
he went on to say, ‘‘canine and incisors more 
robust” (than in S. californicus). The in- 
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ferior canine in the new species is smaller, 
relative to the cheek teeth, when compared 
to S. californicus. Consequently, there 
would be an even more marked size differ- 
ence if the canine of S. nebrascensis were 
compared to the Dallas specimen. Unfor- 
tunately, Matthew’s type was not illus- 
trated. 


Comparison with Smilodon 
(Trucifelis) fatalis, (Leidy) 


Leidy’s type was merely a single P4 with 
a small portion of the maxillary attached. 
In re-evaluating the species Merriam and 
Stock (1932, p. 8) state: 
“The tooth present represents P4. The corre- 
sponding tooth in the smallest skull of S. 
californicus from Rancho La Brea is consider- 
ably more worn than the type of S. fatalis. 
While there is close agreement between the two 
specimens in width across protocone, length of 
paracone, and length of base of parastyle, the 
tooth as a whole is distinctly smaller and more 
slender in S. fatalis than in S. californicus. It 
is a noteworthy fact that the fourth upper pre- 
molar, observed in skulls of S. californicus from 
Rancho La Brea, is consistently larger than 
the comparable tooth of the Texas species. As 
a matter of fact, it is questionable whether 
there are any upper fourth premolars of sabre- 
tooth in the large collection from California 
asphalt deposits which approach closely the 
size or at least the anterior-posterior diameter 
of the type of S. fatalis.” 


As the superior fourth premolar is the work- 
ing partner of both P4 and MT in all cats, it 
is always larger anterior-posteriorly than 
either one of the inferior sectorials. So it is 
not unreasonable to assume that the lower 
sectorials (P4 and M1) of S. fatalis would be 
smaller than S. californicus as the specific 
difference is the smallness of the superior 
carnassial in the former. The main differ- 
ence between S. californicus and S. trini- 
tuensts n. sp. is the larger size of P4 and MI 
in the latter. This would place the Dallas 
specimen farther from S. fatalis than the 
California type. 

Lull, aware of confusion that can be 
caused in the literature by too many species 
based on material too fragmentary in na- 
ture, placed the Dallas cranium with S. 
fatalis merely because both were from Texas 
and both were smaller than S. californicus. 
It could have just as well been referred to S. 
nebrascensis. Lull himself considered his 
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identification provisional. In closing he 

says: 
“I have no assurance that the Dallas specimen 
is distinct from S. fatalis, with the proportions 
of which it approximately agrees. The dis- 
covery of a carnassial attached to the cranium 
in the Dallas sand pits alone can give assur- 
ance of identity or disagreement. Until then, 
this specimen must be referred provisionally 
to Leidy’s species.” 


The present writer proposes that this speci- 
men be referred to S. trinitiensis n. sp. on 
the basis of its closer physical, geological, 
and geographical affiliations. 


Comparison with S. floridanus, Leidy 


The cranium of S. floridanus (pl. 69, fig. 
5) is almost as small as the Dallas specimen, 
but shares the wide rounded occipital fea- 
ture of S. californicus (pl. 69, fig. 6). The 
postero-lateral area of the mastoid is smooth 
as in the new species, but in lateral view the 
mastoid process is almost vertical whereas 
the process in both S. californicus and S. 
trinitiensis n. sp. are distally inclined for- 
ward (pl. 69, fig. 3). Dentition and mandible 
are not known in the Florida type. 


S. necator, Gervais 


The new species, S. trinitiensis, is readily 
distinguished from the South American 
types by the extremely long diastemas of 
the latter. 


Machaerodus gractlus, Cope 
and M. mercerti, Cope 


All species of the sabre-tooth genus 
Machaerodus are distinguished by the pres- 
ence of P3 which is absent in the Dallas 
mandible. There is also greater inferior de- 
velopment of the mandibular flange in 
Machaerodus. 


Dinobastis serus, Cope 


Comparison was made with a complete 
skull of D. serus through the courtesy of 
W. W. Newcomb, Jr., Texas Memorial 
Museum. 

The shape of the occiput in Dinobastis 
superficially resembles the Dallas specimen, 
but the Dinobastis is larger and the mastoid 
and post-glenoid processes are widely sepa- 
rated. In this feature Dinobastis resembles 
true cats more closely. The mastoid and 
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post-glenoid processes are partially fused in 
Smilodon. 


CONCLUSIONS 


Both the Dallas mandible and the Dallas 
cranium display specialized traits that dis- 
tinguish them from all comparable material. 
All three Dallas specimens are of almost 
identical geologic age. And though the 
theory of only one type occupying a single 
ecological niche at a given time is open to 
considerable question, it is the opinion of 
the writer that in view of the rarity of such 
material in this strata plus the fact that two 
of the specimens are specifically different 
from all species that are comparable, the 
cranium previously described as S. fatalis be 
referred to S. trinitiensis n. sp. as the first 
paratype. 
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EXPLANATION OF PLATE 69 


Fic. 1—Smilodon triniliensis Slaughter, n. sp. Right lower jaw. D.P.S.C., Dallas Museum of Natural 


History, cat. no. 3.04-1s, holotype. X} 

2—Smilodon californicus Bovard. Right lower jaw. After Merriam and Stock (1932). x4} 

3—Smilodon trinitiensis Slaughter, n. sp. Cranium, lateral view. D.P.S.C., Dallas Museum of 
Natural History, cat. no. 1.52-h, paratype. X}, approx. 

4—Smilodon trinitiensis Slaughter, n. sp. Cranium, occipital view. D.P.S.C., Dallas Museum of 
Natural History, cat. no. 1.52-h, paratype. X } approx. 

5—Smilodon floridanus Leidy. Cranium, lateral view. After Merriam and Stock (1932). x4} 


approx. 
re californicus Bovard. Cranium, occipital view. After Merriam and Stock (1932). 
X43 approx. 
7—Smilodon trinitiensis Slaughter, n. sp. P4 and M1. Roots restored from X-ray. X} 
8—Smilodon californicus Bovard. P4 and M1. After Merriam and Stock (1932). x} 
“ee troglodytes Brown = Smilodon troglodytes (Brown). P4 and M1. After Brown 
1908). X 
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FOSSIL TERMITES FROM TERTIARY AMBER OF 
CHIAPAS, MEXICO (ISOPTERA) 


THOMAS E. SNYDER 
Smithsonian Institution, Washington, D. C. 





ABSTRACT—A new fossil termite, Heterotermes primaevus, and a recent species, 
Kalotermes nigritus are recorded from amber of late Oligocene or early Miocene 
age from near Simojovel, Chiapas, México. 





INTRODUCTION 


igen iaiggga of four pieces of amber con- 
taining termites (Isoptera), from 
Chiapas, México has disclosed two species, 
one living today, and one new species. Both 
are in genera with species existing today in 
the same general area. 

The fossil representing a living species is 
Univ. of California Paleo. No. 12613, from 
Simojovel area, Chiapas, México. It may be 
from any one of several localities ranging in 
age from Upper Oligocene to Middle Mio- 
cene. It isin the primitive family Kalotermi- 
tidae, and is a female winged adult of Kalo- 
termes nigritus Snyder (fig. 3). This termite 
was described in 1946 from San José, 
Guatemala, Proc. Ent, Soc. Wash., vol. 48, 
No. 6, pp. 158-160. A small, dark colored 
species, it has also been found in México. 

The following new species, in the family 
Rhinotermitidae, is described. 


SYSTEMATIC PRESCRIPTION 
HETEROTERMES PRIMAEVUS, N. sp. 
Pl. 70, figs. 1-3 


Winged adult—Antenna light yellow- 
brown, 16 segments, pubescent, first seg- 
ment elongate, cylindrical, next segments 
shorter, ring-like to wedge-shaped, becom- 
ing longer and elliptical towards apex. 

Pronotum yellow-brown, — subcordate, 
emarginate both anteriorly and posteriorly, 
with dense long hairs. 


Wings smoky, costal veins yellow, mar- 
gins of wings ciliate, surface punctate, with 
very dense hairs. In forewing cubitus and 
branches take up a larger area of the wing, 
reach the apex of the wing and there are 11 
branches or sub-branches to lower margin of 
wing. In the Antillean H. cardini (Snyder) 
the cubitus is also closer to the subcostal 
vein than to the lower margin of the wing, 
which is not the case in H. aureus (Snyder) 
of California and Arizona, and western 
Mexico, or H. convexinotatus (Snyder) of the 
West Indies, Central and South America, or 
H. maculatus Light of western México. The 
median vein is closer to the cubitus than to 
the subcostal vein. In H. crinutus (Emerson) 
of British Guiana the median vein is inter- 
mediate and the cubitus in nearer to the 
lower margin of the wing. H. tenuis (Hagen) 
of the West Indies, Central and South 
America has the tissue of the wing less 
hairy. 

Legs yellow, pubescent. 

Tergites yellow-brown, with dense long 
hairs. 


Measurements. 
Length of entire winged adult...... 8.75 mm 
Length of entire dealated adult..... 3.50 mm. 
Length of pronotum (where longest). 0.50 mm. 
Length of hind tibia............... 0.83 mm. 
Length of anterior wing........... 8.00 mm. 
Width of pronotum............... 0.72 mm 
Width of anterior wing............ 2.50 mm 





EXPLANATION OF PLATE 70 


Fics. 1,2—Heterolermes primaevus, n. sp. 1, Dorsal view of holotype (Univ. Calif. Mus. Paleo. No. 
12679a) on right and paratype (Univ. Calif. Mus. Paleo. No. 12679b) on left, X8; 2, 
enlargement (X9) of specimen 12679a, 3, Kalotermes nigritus Snyder, dorsal view (Univ. 


Calif. Mus. Paleo. No. 12613) X10 


493 





494 


Close to H. cardint, but tissue of wing in 
this Antillean species has but few hairs, 
whereas primaevus is densely hairy. It is 
larger than H. hartungi (Heer), a fossil from 
the Upper Miocene of Croatia. 

Type material: Holotype (Univ. Calif. 
Mus. Paleo. no. 12679a) and two paratypes 
(Univ. Calif. Mus. Paleo. nos. 12679b and 
12680) from same piece of amber, Univ. 
Calif. Mus. Paleo. loc. B-5103. Paratype 
12680 has been deposited in the U. S. Na- 
tional Museum. An additional paratype 
(Univ. Calif. Mus. Paleo. no. 12637) is from 
purchased material from the Simojovel 
area and may be from any one of several 
localities ranging in age from upper Oligo- 
cene to middle Miocene. Loc.B5103 is from 
Las Cruces landslide, about 23 kms. (air- 
line) south of east from town of Simojovel, 
and about 6.8 kms. southeast of the ranch- 
house of Rancho Santo Domingo. The land- 
slide is on the south slope of the major ridge 
locally known as Nichcalan (also known as 
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Cerro Balumtum), near its southeast end, 
and about 1.4 km. northwest of Rancho San 
José Buena Vista. The amber was found ina 
sandstone exposed near the base of the west- 
ern edge of slide. The marine invertebrate 
fauna from the adjacent beds indicates an 


age in the range from late Oligocene to early | 


Miocene. 

Described from the winged adult (fig. 2) 
except length of forewing measured from 
paratype in same piece of amber (fig. 1). 
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A FOSSIL BRACONID WASP OF THE GENUS 
ECPHYLUS (HYMENOPTERA) 


Cc. F. W. MUESEBECK 
United States National Museum 





ABSTRACT—A braconid wasp, Ecphylus oculatus n. sp. the first known fossil of this 
genus is described from amber of late Oligocene or early Miocene age from near 


Simojovel, Chiapas, México. 





INTRODUCTION 


A NEw species of braconid wasp was ob- 
tained from amber deposits in the State 
of Chiapas, México. The only known speci- 
men is not in good condition; but I have 
prepared a description of it since it is the 
first known fossil specimen of the genus 
Ecphylus. Actually the living forms of this 
genus have been little studied and most of 
them also appear to be still undescribed. 
From available information it would seem 
that all species are parasitic on the larvae of 
certain wood-inhabiting Coleoptera, espe- 
cially Scolytidae. 


SYSTEMATIC DESCRIPTION 
ECPHYLUS OCULATUS, n. sp. 

The type, a damaged female, is a tiny 
specimen measuring only 1.2 mm. in length. 
It has exceptionally large eyes for a species 
of Ecphylus and the cubitus of the anterior 
wing is more strongly developed than is usu- 
ally the case in this genus. 





Head large, subquadrate; eye at least 
twice as wide as temple; antennae broken, 
only five segments of flagellum remaining, 
these very slender and the first a little 
shorter than the second. Lateral face of 
pronotum and the mesopleuron smooth and 
shining; anterior wing with radial cell attain- 
ing apex of wing; second abscissa of radius 
nearly straight; the first abscissa subequal 
with petiole of first discoidal cell and a little 
longer than intercubitus, the latter less than 


_ twice as long as second abscissa of cubitus; 


last abscissa of cubitus well developed and 
strongly pigmented for more than one-third 
the distance to the wing margin. Abdomen 
badly damaged and the ovipositor largely 
destroyed; first tergite longitudinally striate, 
the submedian keels strongly developed; re- 
mainder of dorsum of abdomen smooth. 

Black; antennae dark; palpi pale yellow; 
wings subhyaline; legs brownish yellow; ab- 
domen brownish piceous beyond the first 
tergite which is black. 


TEXxtT-FIG. 1—Ecphylus oculatus, new species: a, anterior wing; b, outline of head, lateral view, showing 
unusually large eye, X40 


495 





496 


Type material: Holotype, Univ. Calif. 
Mus. Paleo. no. 12681, from loc. B-5103, 
Las Cruces landslide, Chiapas, México. The 
locality is about 23 kms. (airline) south of 
east from town of Simojovel and about 6.8 
kms. southeast of the headquarters of the 
Rancho Santo Domingo. The landslide is 
on the south slope, near the southeast end, 
of the major ridge known locally as Nichca- 
lan (also as Cerro Balumtum), and about 1.4 
km. northwest of Rancho San José Buena 
Vista. The amber was found in a sandstone, 
exposed near the base of the western edge of 
slide. The marine invertebrate fauna from 
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the adjacent beds indicates an age in the 
range from late Oligocene to early Miocene. 
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OUTLINE OF A THEORY OF ORIGIN OF THE VERTEBRATE 


FRANK RAW, D.Sc., F.G.S. 
Formerly lecturer in Geology, University of Birmingham, England 





ABSTRACT—Vertebrates are derived from a very primitive Precambrian marine 
arthropod, the stage before compound eyes were evolved. Vertebrates arose from 
its free-swimming larval stage, and their organs evolved, through those of the prot 
arthropod, from those of the annelid. The evolution and deployment of the lower 
fishes (s.1.) are sketched. The first vertebrates evolved mainly in fresh water within 
one or more river basins of perhaps a ‘‘North-Atlantic” continent, though before 
this their ancestors were marine. 

Through feeding on what floated down the streams to them, and learning to main- 
tain their position against the current, the ancestors of the fish improved their abil- 
ity to swim; by the time they reached the upland lakes, they were expert swimmers 
and might well be called fish. Becoming independent of the bottom except for rest, 
they swam near the surface, subsisting largely on floating food. Stimulated by this 
and by the light also from above, their complex ectodermal nervous system (per- 
haps 3 pairs of cords) migrated toward the mid-dorsal line, where overfolding from 
each side originated the tubular nerve cord. 

Concomitantly, on the ventral side, with the increasing speed of swimming, the 
prot-arthropod mode of feeding was replaced by the chordate mode. The forward 
transport of food towards the mouth along the food groove between the two rows of 
appendages slowed down; and the food groove acquired digestive functions. Ulti- 
mately, all food was received in front, passed back along the food groove, and was 
digested in it. The arthropod gut was thus superseded and was absorbed. The 
arthropodan appendages of each segment. coalesced ventrally to form a new gut 
and a new ventral body wall. Appendage-parts thus became gill arches, whereas the 
gaps between them formed the so-called ‘‘gill-slits,’’ except that an anterior and a 
posterior gap formed respectively the new mouth and the new anus. 

Further efficiency in swimming was effected when turgid cells along the top of 
the food groove acted as an elastic rod, became completely ensheathed in connec- 
tive tissue and formed: the notochord. Further, since with more rapid swimming 
fewer gills were needed, the partings between the gill arches, from behind ferwards, 
progressively closed, and the sections of body cavity within the gill arches became 
united to form the splanchnocoel. Thus arose a new gut and new ventral body-wall. 

Many peculiarities find their explanation in this theory: the vertebrate eyes 
acquired their character by the neural overfolds above mentioned and are trace- 
able, together with the 4-fold pineal eye of primitive vertebrates back to the poly- 
chaete; the jaws are derived from an anterior pair of the prot-arthropod appendages, 
the upper jaw from their proximal, the lower from their distal parts; the vertebrate 
limbs, originating as fins, arose, each from a group of prot-arthropod pleura, which 
are appendage parts, traceable back to the polychaete, and were still moved by 
muscles, Further, the pectoral and pelvic arches originated, each from a group of 
gill-arches, and hence from groups of appendages of the prot-arthropod. 

The fish evolved before Cambrian time. But the course of its evolution can be 
determined, because its detailed effects are seen in the structures and tissues in- 
herited by fossil and modern forms. 





INTRODUCTION 


2 origin by evolution of the phyla of 
animals and plants is now accepted, but 
within every phylum the evidence for the 
successive stages is very incomplete. The 
range of size and complexity among modern 
forms of life, both animals and plants, is 
tremendous. Animals range from _ single- 
celled organisms to man and other verte- 
brates; and a similar range of complexity 
obtains also in the ontogenies, 


The morphology, comparative anatomy 
and ontogeny of organisms furnishes much 
which is accepted as evidence of their evolu- 
tion. To this can be added the evidence 
from the fossil record. But fossils are largely 
limited to the skeletons of those creatures 
which had them. Hence only very inade- 
quately do fossils represent the life of the 
past. The early history of life must have 
been successions of creatures without dur- 
able skeletons. It is partly for this reason 
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that Precambrian rocks are practically 
without fossils, thus giving us little evi- 
dence of the life of the time. 

The fossil record to the base of the Cam- 
brian rocks is estimated to extend over a 
period of about 500 million years; but it is 
confidently deduced that the earlier un- 
recorded life period was very much longer. 
Here it is assumed to be not less than 2000 
million years. For, though we do not find 
vertebrate fossils extending down to the 
base of the Cambrian, nevertheless, from 
the position and character of the oldest of 
them, we can feel confident that vertebrates 
were already present in the Cambrian period. 
And if, during the fossil record, modern 
vertebrates have been evolved from Cam- 
brian fish, how much longer a period shall 
be assigned to the evolution of those fish 
from the first life on the earth? 

The origin of the vertebrate is something 
we shall never see represented by fossils. It 
must be deduced from what we see in living 
forms, supplemented by the fossil record. 

During the last century and this, many 
different theories of the origin of the verte- 
brate have been advanced. But, at the pres- 
ent time, practically all modern zoological 
text-books accept|a close relationship of the 
vertebrate to echinoderms through the tuni- 
cates; though few authorities would claim 
that this origin has been proved. 

The writer is unable to accept this sup- 
posed relationship of the vertebrates to the 
echinoderms and their descent through the 
tunicates. On the contrary, he considers that 
the vertebrates have been derived from 
higher marine worms through the ancestors 
of the arthropods, and that the tunicates 
are degenerate. It is therefore the purpose of 
this paper to present the evidence for this 
view, which is developed in detail and as 
briefly as possible. 

For his facts the writer is mostly indebted 
to others, since his own research has mainly 
been on the trilobites. But as his studies led 
back to the polychaete and from them back 
to the primitive annelid, so they led also for- 
ward to various arthropods, and forward 
also to primitive vertebrates répresented by 
early Palaeozoic fossils. For illustrations of 
these in text-figures 3,4,5 and 6, the author 
is indebted to Dr. Anatol Heintz, Professor 
of Palaeontology in Oslo University. 


1. TWELVE PRINCIPLES OF MORPHOLOGY, 
EMBRYOLOGY AND EVOLUTION 
INVOLVED 


As the views here expressed are in such 
marked contrast with those which have held 
the field for the last half century and more, 
and as they seem to violate principles which 
have been accepted as biological laws, some 
discussion of principles seems desirable. Be- 
low are submitted 12 principles which in the 
writer’s view are involved in this major 
evolution. The idea is due to Prof. G. F. 
Ferris of Stanford University, California, 
who in his ‘Microentomology’”’ (1948) 
enunciated 6 principles of Comparative 
Morphology applicable to the study of the 
Annulata. These need not be given here; the 
writer will state his views where he disagrees 
with Ferris. 

Principle I. Time ts a very important factor 
in evolution. 

This principle has been too little con- 
sidered by zoologists. Life on the earth is ex- 
tremely old. It has probably existed for at 
least 2000 millions of years, i.e., four times 
as long as our fossil record. Prof. Arthur 
Holmes (1947) gave the figure 3350 million 
years for the age of the earth. 

Most of organic evolution, too, is ex- 
tremely old. From the fossil record it is 
highly probable that all the great phyla of 
animals, including early fish, members of 
our own phylum, were evolved before Cam- 
brian time, though the earliest of known 
“‘fishes,’’ a specialised type, occurs in Middle 
Ordovician rocks (Colorido, Wyoming and 
South Dakota). We ma, therefore ask our- 
selves: if the evolution from early fish to 
man occupied 500 million years (the esti- 
mated duration of the record), how much 
time would be required for the evolution of 
the fish from a lower phylum, or indeed 
from the original life? Young, however 
(1950, p. 724), assigns only 500 million 
years to the whole chordate history. 

Ferris states that ‘‘no morphologist would 
agree that he is a Lamarckian,” that ‘La 
marckism does not lend itself to a consistent 
system of principles, but to the principle of 
disorder in evolution.”” Lamarck’s 4th law 
(published in 1815) is, briefly, that acquired 
characters are inherited, but, following 
Weismann’s lead, this law is not admitted 
by zoologists. 
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On the contrary we can state: 

Principle II. Lamarckism seems an im- 
portant factor in evolution, as important per- 
haps as Darwinian natural selection. It is 
difficult to see how evolution could have oc- 
curred without some degree of inheritance of 
acquired characters in geological time. 

The course of evolution that we can trace 
is usually the same as the effects of activities 
and of use and disuse, and is so vast. Can one 
imagine, for example, the complex evolution 
of the elephant and giraffe by means of the 
natural selection of variations independent 
of habit? We should not refuse to consider 
the evidence, spread over millions of years, 
which the palaeontological record supplies 
(contrast, e.g., Young, 1950, p. 6). 

Furthermore, Ferris postulates that “all 
evolutionary changes have arisen from 
changes in the genetic materials, and are 
transmitted only in accord with the laws of 
genetics, known or unknown” (see also 
Young, 1950, p. 22). This may well be; but 
what we need to know is, what causes the 
changes in the ‘‘genetic materials’? 

On the contrary we can state: 

Principle III. The directions of evolution 
are attributable mainly to external causes, i.e., 
to the stimulus of the constantly changing envt- 
ronment. 

The environment is changing, often every 
moment, owing to motion of water or air, to 
variations in heat, light, and all the elements 
of the weather; furthermore, all the ele- 
ments of the biological environment change 
every day, every year, etc. In fact such 
changes are astronomical, geographical, 
geological, biological. One may ask: are 
mutations independent of the external envi- 
ronment? Life has thus been constantly 
stimulated to spread to new fields, to seek 
new modes of making a living, or new foods, 
to find new modes of feeding, and so on. 

Principle IV. Evolution has not only been 
very complex, but, for each organism it must 
have been in very many different directions at 
different times. 

This is because the geographical and bio- 
logical environment was so _ frequently 
changed by astronomical, geological and 
other causes. 

Ferris postulates that ‘‘Evolution has been 
continuous and orderly, each change being 
based upon a stage that has gone before.”’ 
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On the contrary one can state: 

Principle V. The speeds of evolutionary 
change have varied so enormously, that evolu- 
tion has been relatively discontinuous. Also, 
many of the changes have been largely inde- 
pendent of what had gone before. 

In a previous paper (Raw, 1949) the 
writer has deduced that during its evolution 
the polychaet changed its mode of feeding 
three times over, with great effects on the 
brain and on the visceral nervous system; 
and in the evolution from this of the arthro- 
pod, the mode of feeding changed again. The 
abundant vestigial organs also suggest ab- 
rupt changes of habit, crises in evolution. 

Principle VI. Organic evolution during 
2000 million years (Principle I) has been so 
complicated and so long and varied that often 
very little of 1t can possibly be represented in 
the ontogeny. 

Because evolution has been in so many dif- 
ferent directions at different times, any onto- 
genetic representation of it is bound to be 


- full of short-cuts and compromises. Further- 


more, the successive stages of embryo and 
larva had to live under quite different con- 
ditions from those of successive ancestors, 
and therefore cannot closely resemble them. 
Hence, only a limited reliance can be placed 
upon the phylogenetic interpretation of 
ontogeny. That this is so in the Chordata, 
has lately been claimed by H. Barraclough 
Fell (1949), who has pointed out how ex- 
tremely varied are the larvae within the 
Echinodermata. Young (1950, p. 48) does 
not mention Fell’s paper, but relies on a sim- 
ilarity of development processes. The varied 
nature of the echinoderm larvae suggests 
that comparative anatomy may in many 
cases be more reliable than is ontogeny for 
indicating the course of evolution. In gen- 
eral only the latest stages of the ontogeny 
give precise indications of the phylogeny. 
The facts of palaeontology, however, are 
strongly in support of the value of ontogeny 
for indicating phylogeny. 

All higher creatures have evolved, it is 
believed, from primitive unicellular life, and 
all individuals begin their lives as single 
cells. We may note also that in the ontogeny 
of segmented animals, the segments are suc- 
cessively added. Very erroneous views have 
been based on this last fact. It has, for 
example, been claimed that the arthropod 
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was directly derived from an unsegmented 
worm, and that the segmentation had 
arisen anew in the arthropod. Bateson 
(1886) and several others, including Young 
(1950) and Berrill (1955), have considered 
the chordate as derivable directly from an 
unsegmented creature. 

Principle VII. In evolution, nature is ever 
adapting old organs to new uses, rather than 
inventing new organs. We should therefore 
look for the origins of the organs of higher ant- 
mals in those of lower creatures, rather than 
attribute them to a new origin. 

It is claimed, for example, by those hold- 
ing the current view, that within the verte- 
brate phylum the segmentation, sense or- 
gans, brain, gill-arches, gills, “‘gill-slits,’’ and 
fins have all arisen anew; whereas the writer 
would derive all of these except the dorsal 
fins from organs of the invertebrate ances- 
tor. On this latter view, the segmentation of 
the annelid, the arthropod and the verte- 
brate 1s one and the same. After it arose, 
there were always segmented animals to 
adopt new modes of life; and they have 
dominated the earth ever since. 

Principle VIII. Within this great super- 
phylum, for which the term Segmentata is here 
suggested, the anterior pole for locomotion and 
for feeding has been constant, and thts has led 
to great cephalisation. 

This cephalisation in the polychaete has 
been deduced by the writer (1949), who 
claimed it to be very complex and to in- 
volve much of the anterior part of the body 
of the primitive annelid. To this polychaete 
head has been added further cephalisation 
in the evolution of the arthropod, which in- 
volved much of the anterior part of the 
polychaete (Raw, 1953). Yet again, in the 
evolution of the vertebrate, a further vari- 
able cephalisation has occurred, beyond that 
which was present in the earliest arthropod 
—the prot-arthropod. This vertebrate 
cephalisation had already reached very ad- 
vanced but varied stages in the earliest of 
known “‘fishes”’ (s.1.) (Osteostraci, Anaspida, 
Heterostraci, Placodermi), but all these be- 
came extinct. 

Principle IX. Owing to cephalisation the 
least evolved part of the bodies of all the Seg- 
mentata is the post-cephalic part, not the head. 

Principle X. The course of evolution ts not 
reversible. 


Even when a return to a previously dis- 
carded habitat and mode of life has oc- 
curred, the old body is not regained, and 
numerous vestigial organs remain to indi- 
cate the phylogenetic history. 

Principle XI. Intensive study of the origin 
of the vertebrate strongly suggests that the 
destinies of the germinal layers, supposedly 
tmmutable, have not remained fixed, but have 
been subject to extensive evolution within the 
phylum. 

Within this phylum, as deduced below, 
both the dorsal and ventral surfaces (ecto- 
derm) inherited from the invertebrate an- 
cestor became internal, and have become 
respectively the tubular nerve cord and the 
gut; but, whereas the first has long been 
recognised as an ectodermal product, the 
second is erroneously claimed as the same 
endoderm as that of lower phyla. 

On the contrary, if the conclusions 
claimed below are accepted, it will be agreed 
that the gastrula of the chordate, e.g., of 
Amphioxus, is a quite different and later one 
than that of lower phyla. Thus Haeckel’s 
simple “‘gastraea theory”’ does not apply to 
the vertebrates; and the “chordula,’’ which 
in their ontogeny follows the gastrula, does 
not closely resemble an ancestor. 

The duration of the ontogeny of a crea- 
ture is as nothing in comparison with that of 
its phylogeny, and hence cannot possibly 
represent the latter in detail; and in the 
vertebrate a large early section is unrepre- 
sented. 

Principle XII. The great extent of the evo- 
lution that has taken place within the various 
phyla has not yet been realised. 

It is this, the writer believes, which has 
largely blocked advance in tracing the rela- 
tionships between them. Vertebrates are 
not derived from annelids or from arthro- 
pods because of the great contrasts existing 
between their modern representations and 
vertebrates. But if one fully appreciates the 
amount of evolution that has occurred 
within each, he will realise that the con- 
trasts were formerly very much less (e.g., 
in Precambrian time). 


2. PREVIOUS THEORIES OF ORIGIN 
OF THE VERTEBRATES 


Since the general acceptance of the doc- 
trine of evolution, theories of origin of the 
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TABLE 1.—PREVIOUS THEORIES OF ORIGIN OF THE VERTEBRATES 











Theoretical Ancestor Author Date 
1. Arthropod dorso-ventrally reversed 
Generalized arthropod...............0. 0.6 ccc cece eens G. St. Hilaire 1822 
F. Leydig 1864 
AY IGYCE TL NSTUT Dg cy OO DLO EERO ESS SE RO CREO Goer a Pree W. Patten 1890-1912 
2; Wuaricate (ASCIMIAN) 505). acs vere ace ok ole eed wee co esos bac peers eeers A. Kowalewsky 1866 
3. Annelid dorso-ventrally reversed...............00.00 ccc eee uees A. Dohrn 1875 
C. Semper 1875 
H. Eisig 1887 
C. S. Minot 1897 
E. Perrier 1898 
H.C. Delsman 1913, 1922 
J. G. Kerr 1919, 1945 
4. Lower worm not dorso-ventrally reversed 
EST TESE sis cage Cees Pe Genrer nr rier eras re mere F. M. Balfour 1878 
INNSHTCTIGETEINE Ey oe a, enh Ale dia aon ooh eRe act NRE ches A. A. W. Hubrecht — 1883 
A. Haeckel 1903 
E. R. Lankester 1910 
“UCI CELE DIDS eee CRs Or Bett Gere tec ete CE OnCree CN ee an ea A. Goette 1884, 1895 
5. Arthropod (near merostome) not reversed....................005 W. H. Gaskell 1889-1908 
6. Enteropneust, and this from an echinoderm..................... W. Bateson 1886 
7. Pelagic tunicate, and this from an echinoderm 
From a pelagic echinoderm larva...................0 0.000000 A. Willey 1894 
W. Garstang 1894, 1945 


Pelagic tunicate (cf. Appendicularia larva).... 


W. K. Gregory 1936, 1950 


Pelagic larva of ascidian tunicate, became neotenous, ascending rivers 


to feed, returning to sea to breed, later evolved in rivers into ostrac- 
CLT Re a oo Sere ern PaO me ree rn arte eae 
8. Sessile tunicate, and this from 2 pelmatozoan echinoderm, but with 
larva like the holothurian ‘‘Auricularia”.... 
9. Pelagic cerianthid coelenterate............... 


G. R. deBeer 1938 
A. Heintz 1939 
Rene pet Rad ends W.K. Brooks — 1893 
N. J. Berrill 1955 
eet eee ee J. Z. Young 1950 
A. Lamerre 1891-1905 





vertebrates have been advanced in consider- 
able number; but none has met with uni- 
versal acceptance, because none has ap- 
peared fully reasonable. Hence the origin of 
this phylum still remains one of the greatest 
problems in phylogeny. Indeed no com- 
pletely new theory seems to have appeared 
within the present century, the reason for 
which is doubtless the great contrast in 
organisation, structure and bodily activities 
between the chordates and all non-chordates 
and the fact that no one has been able to 
make sufficiently close comparisons. 

The profuse segmentation of primitive 
vertebrates led early last century to the 
theory that they must have arisen from 
richly segmented invertebrates such as 
arthropods or annelids. On the other hand, 
Bateson later (1886) supposed that segmen- 
tation had arisen within the phylum, and so 
also did Willey (1894) and others, including 


modern writers, such as J. Z. Young (1950) 
and N. J. Berrill (1955). 

The nature of the contrast between artic- 
ulates and vertebrates led the earlier theo- 
rists to suppose that the segmented inverte- 
brate had become inverted to originate the 
vertebrate. Although this was indeed 
claimed by Patten as late as 1912, the 
theory has proved very difficult to accept. 

Table 1 lists the various theories known 
to the writer. The order in which they stand 
is roughly that of their introduction, but 
only within each group are the names of 
authors in chronological order. As indicated 
in the table, the theories may be divided 
into 9 groups. 

For the most part, detailed comparisons 
have not been made between the organs and 
structures of chordates and those of their 
supposed non-chordate ancestors. As shown 
below, however, Gaskell went further than 
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many workers in this direction. These com- 
parisons are often so weak that several au- 
thors have not even appreciated the differ- 
ence between reversal and non-reversal of 
the supposed ancestral articulate. C. S. 
Minot, for example (1897), accepts the 
Dohrn-Senper theory, without referring to 
the dorso-ventral maintenance or reversal; 
in reviewing the theories of Gaskell and of 
Patten he never refers to it, although Gas- 
kell’s comparison is with the merostome 
without reversal, whereas Patten’s is with the 
same, but with reversal. Perrier (1898) and 
Young (1950, p. 47) also put these two to- 
gether as the same. Further, Minot and sev- 
eral others, including Young, offer no ex- 
planation whatever of the tubular central 
cord, the gill-slits, the gill arches, the noto- 
chord or the appendages. 

The opinion usually expressed of relation- 
ship of the vertebrates to echinoderms has 
now been current for more than half a cen- 
tury, but it has not brought zoologists any 
nearer to a realisation of the origin of the 
peculiarities of the vertebrate organisation. 
Most of those who have espoused it must 
have realised how inadequate it was, for 
none has made a serious attempt at explana- 
tion. But now that such great advance has 
been made in vertebrate palaeontology 
among the older fossiliferous systems, zo- 
ologists should not ignore phylogeny, as 
they frequently do; for the comparative 
anatomy of the recent and the fossil together 
with ontogeny furnish evidence for definite 
conclusions as to the origin of all the higher 
phyla. In a similar category is the deriva- 
tion of the vertebrate from the enter- 
opneust or from a tunicate, for both are de- 
generate, not progressive, creatures. 

To deduce the vertebrate ancestry it is 
obviously necessary to study the earliest 
fossil members and the best representatives 
of these. The earliest are of Ordovician and 
Silurian age, but these are very fragmentary 
and have evidently been transported; it is 
probable that none of them lived where 
their remains are found. The earliest that 
are entombed in deposits of their own habi- 
tat are of Devonian age and are found in the 
lake deposits of the Old Red Sandstone. 
Many are complete and well preserved and 
are clearly freshwater forms. 


3. RELATIONS OF THE VERTEBRATE 
TO THE POLYCHAET AND THE 
PROT-ARTHROPOD 


The derivation of the vertebrate is, the 
writer believes, from the prot-arthropod 
without dorso-ventral reversal; and hence 
alsc from the polychaete without reversal. 
This needs amplification. Study of trilobites 
has furnished many ideas. They are not 
Crustacea. By themselves they constitute 
much the most primitive of the known 
classes of arthropods. Their characteristics 
suggest the origin of the arthropod from a 
particular type of polychaete which had char- 
acteristics of the Eunicidae, the Phyllodo- 
cidae and the Polynoidae (Raw, 1953). 
Study of the Eunicidae led back to the 
origin of the polychaete (Raw, 1949) so that 
in a more recent paper (Raw, 1955) the 
following stages between the primitive 
annelid and the arthropod classes are de- 
fined: 

1. Primitive annelid with brain limited to 
the ‘‘fore-brain,’’ and without the extended 
prostomium, stomodeum and visceral nerv- 
ous system of the polychaete; probably with 
segmental eyes. 

2. Primitive polychaete (such as Eunice), 
its extended prostomium with brain en- 
larged by the addition of 3 pairs of seg- 
mental ganglia forming the mid-brain and 
also by the hind-brain pair of ganglia; and 
with stomodeum and visceral nervous sys- 
tem greatly extended. 

3. Special polynoid polychaete, the an- 
cestor of the arthropods; with periodicity of 
segmentation like the polynoid (cf. sub- 
families Polynoina and Hermionina). 

4. Pro-arthropod (suggested by adults 
and larvae of trilobites) with segmentation 
like an annelid but with a firm exoskeleton 
and biramous appendages throughout, be- 
hind an anterior pair of antennae. 

5. Prot-arthropod (suggested by trilo- 
bites and the ontogenies of insects); like the 
last, but with the arthropod head evolved 
by the constant subretroversion of the 
prostomium and peristome in a new mode of 
feeding, whereby these parts and the fol- 
lowing six segments coalesced into the 
head, which was furnished with 9 pairs of 
simple eyes segmental in origin. 
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6. Deut-arthropod (suggested by trilo- 
bites and other arthropods) with ventral 
eyes like the last, but also with dorsal com- 
pound eyes, each succeeding the six simple 
dorsal eyes of a side and developed along 
the new common nerve of the six. 

Stages 1 to 5 of the above series were com- 
mon both to arthropods and chordates, 
whereas Stage 6 is limited to arthropods. In 
the series there is no room for Peripatus. 
Comparison with the trilobite (1953, p. 82) 
shows that Peripatus is not an arthropod 
and therefore must not be called a prot- 
arthropod, as Sedgwick, Lankester, Kerr 
and others have done. 

Much as study of the trilobite led back to 
the worm and from it forward to the various 
arthropod classes, so it led from the worm 
forward to the vertebrate, which is thought 
to have arisen from larval stages of an early 
prot-arthropod. 

It may be considered that the contrast in 
composition of the skeleton in all the known 
arthropods and in the vertebrates rules out 
their association. But both annulates and 
vertebrates exhibit considerable variety in 
this, and it is clear that the skeleton has 
changed its nature in the course of evolu- 
tion. The change of habitat of the evolving 
vertebrate from sea water to land water 
might be expected to have a great effect. 
Certainly, the change to a vertebrate from a 
primitive arthropod is much less drastic 
than would be that from an echinoderm. 

Of the many theories of origin of the 
vertebrate which have been advanced, few 
compare with this detailed below. First 
there is the view of F. W. Balfour (1878) 
who supposed that the primitive position of 
the nerve-cords of the annelid was lateral, 
and that they migrated ventrally in annelids 
but dorsally in the ancestor of vertebrates. 
The same principle was involved in the 
views of A. A. W. Hubrecht (1883) and 
Lankester that nemerteans had been the 
ancestor. But the unsegmented character of 
the Nemertea makes it unnecessary to con- 
sider them further. The only one who de- 
rived the vertebrate from an arthropod 
without reversal was W. H. Gaskell (1908), 
who however derived them from an ad- 
vanced class comparable with a king crab or 
a eurypterid. Gaskell’s views were scorned 
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in his lifetime, and have been ignored since. 
Goodrich (1909, 1930), for example, and 
many others do not mention his work. But 
in the writer’s view his theory helps to ex- 
plain, better than any other, one of the 
great contrasts between the lower and the 
higher segmented animals, namely, the ab- 
sence of gill slits in the alimentary canal of 
the one and their presence in the other. 
Gaskell was struck too by the contrast be- 
tween the ‘‘solid’”’ ventral nerve cords of the 
one and the tubular dorsal nerve cord of the 
other; and this also he made a valiant effort 
to explain. 


4. INHERITANCE FROM THE 
POLYCHAETE AND 
PROT-ARTHROPOD 


To the polychaete’s “fore-brain,” which 
in the author’s view had been the brain of 
the primitive annelid, four pairs of seg- 
mental ganglia (representing at least three, 
but not consecutive segments) had been 


- added to constitute the polychaete’s brain 


or cephalic ganglia; and this has become so 
consolidated in advanced families that it 
has largely lost the evidence of segmenta- 
tion (Raw, 1949). It was this complex brain 
of the polychaete which constituted the 
brain of the prot-arthropod, and in an in- 
rolled form became the ‘‘fore-brain’’ of the 
vertebrate, but great evolution of the nerv- 
ous system in both has taken place since. 
From the annelid through the prot-arthro- 
pod the primitive vertebrate inherited its 
profuse segmentation, fore-brain, eyes, 
nerve-cords (which were then lateral in posi- 
tion and not limited to two), segmental 
nerves, a visceral nervous system, the origi- 
nals of the limbs (viz., the pleura, which 
also are appendages, and in the vertebrate 
are seen most primitively in the ventro- 
lateral ‘‘scales,” so-called, of cephalaspids) 
and the gills. From the annelid it also in- 
herited an extensively ciliated surface, part 
of which still survives (principle XII). 
Studies of polychaetes, trilobites and other 
arthropods indicate that the prot-arthropod 
inherited its limbs and its eyes, which were 
simple, not compound, from the preceding 
stage, the pro-arthropod. The limbs were 
well developed and arthropodan in character 
(Raw, 1953) before the arthropod head was 
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TEXT-FIG. J. Trilobites in dorsal aspect, with 
primitive characters. All, as found, flattened 
by compression in shale. Six segments are 
coalesced in the dorsum of the head. Visual 
surface of eyes not seen; it coincides with the 
outer limit of the curved eye-lobe, and in life 
extended vertically beneath this. 

a, Olenelloides armatus Peach. Lower Cam- 
brian. An adult, though small. Head special- 
ized by loss of suture and by forward eyes. The 
anterior apparent segment is actually double 
(as in fig. c). Thorax with macropleural macro- 
somites, as on head. Numbers beside the vari- 
ous spines are those of the dorsal macrosomite 
segments which bear them. In the pleural 
spines this and also Albertella (fig. b) are prob- 
ably pelagic reversions (neotenic). After Peach, 
1894, pl. 32. 

b, Albertella boswortht Walcott. Middle Cam- 
brian. Primitive in regular segmentation of the 
head rachis and in extensive retention of axial 
spines. Of the paired head spines only the mid- 
dle pair remain and in primitive position. Note 
segments coalesced in the pygidium. From 
Walcott, 1917, pl. 7, figs. 3, 3a. 

c, Olenellus vermontanus (Hall). Lower Cam- 
brian. Anterior head spines are here rotated to 
the rear, and are the only pair remaining. An- 
terior lobe of the head rachis (= first two dorsal 
segments) enlarged. Third post-cephalic has 
its pleura greatly enlarged and the 6th to some 
extent; both interpreted as macrosomites. 
Axial spines all lost except that on the 15th 
post-cephalic (a macrosomite), which is greatly 
specialized. Thorax exhibits secondary even 
development of pleura behind the 6th post- 
cephalic segment. This species is interpreted 
as an elongate reversion from a semi-ovoid 
Olenellus. It may be a male. From Walcott, 
1910, pl. 26. 


evolved, for they are practically the same on 
head, thorax and pygidium of the trilobite. 

The arthropod originated by a’‘new mode 
of feeding, probably from surfaces (Bernard, 
1892; Raw, 1953). There was subretrover- 
sion of the prostomium and peristome of 
the pro-arthropod (derived from the poly- 


chaet), whereby more posterior appendages 
could serve the mouth. This led also to 
coalescence of the succeeding six terga and 
pleura, which formed a dorsal head shield 
under which were the subretroverted parts 
together with the appendages of all eight 
parts. This primitive arthropod head bore 
only simple eyes comprising two pairs from 
the prostomium, a pair from the peristome, 
and a pair belonging to each of the six dorsal 
segments (Raw, 1953). All these nine pairs 
of eyes are traceable in modern arthropods 
(see text-fig. 2a—e) and three of them in 
vertebrates. 


5. RELATIONS BETWEEN ARTHROPODS 
AND VERTEBRATES 


Gaskell was right in claiming that the 
gill-arches with the gills represent arthropod 
appendages; and that the “gill-slits’” are 
simply the gaps between them. This is sup- 
ported by the recognised fact that the 
arches are segmental, whereas the “slits” 
are inter-segmental. The writer feels con- 
fident that no one who carefully studies the 
question can fail to agree with Gaskell in 
this. Gaskell believed that the vertebrate 
gills derived from ‘“‘internally-situated 
branchiae,”’ such as those present in Euryp- 
terida; but this the writer cannot accept. 
On the contrary the appendages were very 
primitive. 

That the gill-arches originated in append- 
ages inherited from the prot-arthropod is a 
much simpler theory than that the gill-slits 
were developed de novo in the alimentary 
canal and body wall of the vertebrate (for 
which, besides, no explanation has ever 
been given). 

Amphioxus, except for its anterior degen- 
eration, is much the most primitive of exist- 
ing Chordata, and strongly suggests that 
the gill-bars are appendages. Here, each pri- 
mary gill-bar plus secondary or “‘tongue”’ 
bar represents a segmental appendage, 
which has lost its muscles, but still contains 
its extension of the body cavity; yet some 
zoologists are at pains to claim that each 
gill bar is covered on its inner surface with 
endoderm and on its outer with ectoderm 
(de Beer, 1928-45, p. 12). Both secrete parts 
of the internal skeleton, interpreted here as 
secreted at the inner boundary of what 
originally were ectoderm cells. It seems not 
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TExT-FIG. 2. Stages in the evolution of the arthropod, from ‘‘The External Morphology of the Tri- 
lobite and its Significance,’ Raw, 1953, figs. 7A-E. 

a, Ideal polychaet with notopodia like a phyllodocid (Eteone), segmental eye-spots as in a 
eunicid, and with merocyclism of a polynoid (Polynoinae and Hermioninae), the merocycles being 
diads to normal segment 22 and triads behind this. 

b, Pro-arthropod suggested by trilobites, annelid-like in segmentation, but with terga of the 
whole protected by stronger cuticle and by axial spines. Two pairs of eyes on prostomium, a pair 
also on peristome, and segmental eyes on all segments presumably on the pleura. Notopodia are 
protective pleura, strengthened dorsally and ventrally, while being also appendages moved by 
muscles and bearing the pleural furrow. Neuropodia are legs and gills. Merocyclism exhibited by 
macrosomites bearing greater axial and pleural spines, which are blackened. 

c, Early prot-arthropod. By habitual subretroversion of prostomium and peristome, these and 
the first 6 normal segments became the head. This originated by reduction of movement and con- 
crescence of the adjoining pleura. It bore axial spines, and 4 pairs of lateral spines (on macrosomites 
1, 3 and 4, and 6) in addition to 3 pairs of ventral eyes and 6 pairs of dorsal, which last were all 
innervated by their own segmental ganglia. The formation of the head originated the arthropod. 
Post-cephalic normal segments in merocycles, all bearing eyes; division between diads and triads 
may have become unstable. 

d, Later prot-arthropod. Pleural spines on normal segments 3 and 4 on each side of the head have 
coalesced. Dorsal eyes have increased in size, and become innervated by way of the line of eyes 
and the nerves of an anterior pair. Enlargement of eyes and the new continuous light sensitive 
nerve along them caused the line of eyes to be a line of soft cuticle. Dorsal facial suture thus origi- 
nated, the line of eyes becoming the ocular section whereas the anterior and posterior branches 
were partings between the 1st and last pleura and the free-cheek block between them (better seen 
in fig c). Prot-arthropod type of eyes recapitulated in larval development of many insects and in 
embryo of Limulus. 

e, Deut-arthropod. Radiate eyes characterize trilobites and mandibulates, and at one time 
characterized chelicerates; all arthropods may have these eyes in their ancestry (possibly arachnids 
had them at one time and subsequently lost them). Merocylism represented as changed to that of 
the Olenellidae, triads beginning behind the head, as was the case also in the ancestor of the chelice- 
rates, crustaceans and insects. 
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improbable that the successive elements of 
the branchial arches of the elasmobranch 
represent successive elements of the limbs 
of the prot-arthropod. ? 

Gaskell believed that the vertebrate was 
derived from an arthropod approaching the 
arachnid in organisation. On the contrary, 
that it branched off from the appendiculate 
line very much earlier than this, is strongly 
suggested by Amphioxus, an undoubted 
chordate, where the gill-bars are cylinders of 
epidermis one cell thick, and the whole 
body is covered with an epidermis one cell 
thick; and, furthermore, the intestine and 
the atrium are ciliated throughout (A. 
Willey, 1910, p. 889). Also, the entire lack 
of any trace of compound eyes in the chor- 
dates suggests that they branched off before 
these organs evolved. For the fossil arthro- 
pods which were contemporary with the 
early fossil fishes, all likewise swimming 
aquatic creatures and comprising trilobites, 
eurypterids and crustaceans, were all pos- 
sessed of compound eyes. Their absence in 
vertebrates, it is true, might be explained 
less satisfactorily by neoteny. 

The same conclusion of derivation from 
the prot-arthropod may be drawn from fur- 
ther comparisons of the heads of arthropods 
and vertebrates; though it is in general im- 
possible to recognise the boundary of the 
arthropod head in that of the vertebrate, un- 
less it be in the cephalaspid, which in one 
respect is the most primitive of vertebrates, 
and which, besides, is extremely like a prim- 
itive arthropod but lacking ambulatory ap- 
pendages. According to Stensié (1927) the 
oral-branchial chamber under the head 
shield displays five larger gill pouches served 
by five large gill openings lying in front of 
the cornua (or head shield corners), followed 
by five smaller gill pouches served by 
smaller openings. It is accordingly possible 
to suppose that the five larger pouches be- 
long to the equivalent of the arthropod head 
with its six normal segments and the fol- 
lowing five to the first five segments of the 
succeeding many-segmented body of the 
prot-arthropod ancestor of the chordate. 
For this reason, as well as from the nature of 
the gill-arches in fishes, the prot-arthropod is 
indicated as the immediate. ancestor. 

In the way suggested above, the head of 
Cephalaspis is to some degree comparable 


with the head of a trilobite, which it so much 
resembles, due both to common inheritance 
of the head of the prot-arthropod and to 
convergence through similarity of habitat. 
And it may further be claimed that the com- 
positions of the head shields is of the same 
character in each, namely, the coalesced 
terga and pleura of anterior segments (see 
text-fig. 3a—e). 

The six closely comparable nerves that 
according to Stensié innervate each lateral 
sensory area of the head shield in cephalas- 
pids strongly suggest the six dorsal seg- 
ments of the trilobite cephalon (see text- 
fig. 3h). The distribution of arteries and 
veins supports such an homology, though 
here as in the gills there seems to be a modi- 
fication in front (see Stensié, 1927, p. 136, 
152,207,210,211,221). 

If it should prove correct, that the heads 
of a primitive “fish,” Cephalaspis and the 
most primitive arthropod, the trilobite, are 
to a degree homologous, it might furnish 
segmental correlation between arthropod 
and vertebrate. Stensié was able to identify 
the foramina of the cranial nerves in Cepha- 
laspis by their close correspondence with 
those of the lamprey; and, according to him, 
the anterior gill pouch is innervated by the 
profundus nerve, the 2nd by the trigeminal, 
the 3rd by the facial, the 4th by the glosso- 
pharyngeal, and the last large one, together 
with the small gill pouches, by branches of 
the vagus. The peculiar composition of the 
vagus, if it is due as here suggested to 
arthropod ancestry, would probably belong 
either to the last cephalic or to the first 
post-cephalic somite. And if, as seems most 
probable, the first of these alternatives is 
true, then the first gill of Cephalaspis would 
belong to the second dorsal segment of the 
arthropod, which equals the second somite 
behind the peristome of the polychaete; and 
the mandibular segment of the gnathostome 
would correspond to the third of these which 
is also the third in front of the occipital seg- 
ment of the trilobite. 

The primitive position of the vertebrate 
mouth is ventral; and in elasmobranchs and 
most lower fishes (s.1.) it remains so, though 
in Actinopterygii and the higher vertebrate 
classes it is terminal. On the view here de- 
veloped the primitive position is inherited 
from the prot-arthropod, where the effec- 
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Text-F1G. 3. Cephalaspids. Mainly after Stensié; All by kind permission from A. Heintz, 1938, p. 55, 
.3 


a, Restoration of Hemicyclaspis, side view. b, Compound tail fin from below (after Heintz). c, 
Transverse section of body of same. d, Head shield of Kiaeraspis from below, the oralo-branchial 
cover partly removed to show the oralo-branchial chamber and gill pouches. e, Longitudinal section 
through head of Cephalaspis. f, Head of Cephalaspis from above. g, Cross-section of head of Ceph- 
alaspis. h, Restoration of brain capsule, lateral segmental sensory nerves and lateral sensory fields 
of Cephalaspis. 1, Head of Ateleaspis (modified after Traquair). 7, Head of Aceraspis (after Heintz). 

Index to features on figures: a, anus; b, end of horizontal fin; b, (in H) semicircular canals; DI, 
DII, dorsal fins; en, endoskeleton; ex, exoskeleton; f, pectoral fin; GK, brain case;-h, division for 
medulla oblongata; hm, horizontal membranous anal fin; Im, naso-hypophysial pit; it, inter- 
branchial septa; KI, KIO, 1st and last gill apertures; KT 1-10, gill pouches; LE, lateral sensory 
field; LS, lateral spine or cornu; m, mouth opening; md, upper surface of mouth; ME, median 
sensory field; n, nasso-hypophysial aperture; OBD, oralo-branchial cover; OBK, oralo-branchial 
chamber; or, orbit; pbs, pre-branchial ridge; PBW, post-branchial wall; PP, pineal plate; rd, 
ventral border of head-shield; v, otic capsule. 
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tive mouth is behind the base of the labrum 
(the sub-retroverted prostomium of the an- 
cestral annelid). Covered (underlaid) by 
this labrum, the anterior appendages were 


modified and reduced. 


6. OLD ALIMENTARY CANAL OF THE ARTHRO- 
POD AND NEW CANAL OF THE VERTEBRATE 


Since the gill-arches with their gills repre- 
sent appendages, and the gill-“‘slits’’ the 
gaps between them, the whole pharynx is 
largely external to the body of the ancestor 
of the vertebrate, and constitutes a new or 
secondary alimentary canal, as Gaskell 
claimed. 

But (1) the annelid has, and the primi- 
tive arthropod had, appendages on every 
normal segment of the body, (2) the 
pharynx in Amphtoxus extends 3 of the 
length of the body, and behind this the fin 
rays in the ventral fin are paired, supporting 
the suggestion that this ventral fin is indeed 
a coalescence of further pairs of append- 
ages, and (3) in the vertebrate the whole ali- 
mentary canal is a unit extending ventral to 
the notochord. Therefore the whole canal is 
new, and originally was external. Also it 
probably originally extended the whole 
length of the body, and the anus was termi- 
nal. 

The ancestral alimentary canal is there- 
fore to be sought. Gaskell claimed that it is 
to be seen in the vesicles of the brain and in 
the spinal canal, and that only in this way 
could the unique tubular character of the 
vertebrate central nerve cord and the de- 
tails of its form be explained. This explana- 
tion is opposed in the discussion below. 


7. PROFUSE SEGMENTATION OF 
EARLY VERTEBRATES 


Primitive Polychaeta can exhibit several 
hundreds of segments: the Trilobita, much 
the most primitive of known arthropods in- 
herited profuse segmentation, some Cam- 
brian forms exhibiting as many as 50 seg- 
ments. The early fishes also, which are 
nearly all from fresh water deposits, exhibit 
great numbers of segments; for we can 
hardly doubt that the regular arrangement 
of their scales expresses the segmentation. 
The history of fishes shows great reduction 
of the number. The most primitive, the 
Anaspida, in Kiaer’s careful restorations, 


have: in Pharyngolepts oblongus 186+; in 
Pterolepis nitidus 163+; and in Rhyncho- 
lepis parvulus 114+ segments—the figures 
given being counted behind the modified 
scales of the head in each case (see text-fig. 
4a). In the Cephalaspida, Hemicyclaspis 
murchisont has 80 segments between the 
head and the base of the median tail fin 
(see text-fig. 3a) and Aceraspis robusta, so 
far as they can be counted, has about the 
same number as Hemicyclaspis. Even these 
high figures probably represent great reduc- 
tion in number. The tail also represents a 
further considerable number. 

The elasmobranchs are very primitive 
among the gnathostomes, and they excel 
other groups in the number of segments. 

Profuse segmentation can then be claimed 
as a primitive characteristic in vertebrates 
and points back to the polychaete and prot- 
arthropod. 

On the popular theory that the segmenta- 
tion had to originate in the vertebrate, 
Young (1950, p. 28) suggests that it arose 
through the need for subdivision of the 
longitudinal musculature, so that it could 
serially contract for locomotion. Berrill also 
(1955, p. 168) discusses the origin of seg- 
mentation in his pelagic tunicate ancestor of 
the vertebrate. But the profuse segmentation 
in the earliest of known fishes is strongly 
against that view. 

A reduction in the number of seg- 
ments has been continued in certain fishes: 
in the most specialised Actinopterygians— 
the spiny teleosts—the numbers of distinct 
vertebrae has been reduced to less than 25. 


8. DECISIVE FACTORS IN THE ORIGIN OF 
THE VERTEBRATE—DISTRIBUTION OF 
FOOD AND ITS ACQUISITION 
BY SWIMMING 


To envisage the origin of the vertebrate 
phylum we must try to imagine the condi- 
tion of life on the earth in and around the 
North-Atlantic continent several hundreds 
of millions of years ago. It was the environ- 
ment of the rivers that originated the verte- 
brate, and it was mainly the development of 
swimming that shaped them. 

The ancestor of the vertebrate was a much 
segmented marine pro- or prot-arthropod, 
and from this it has inherited its saline body 
fluids. It was a nectonic or pelagic larva be- 
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TEXT-FIG. 4. Some early vertebrates. All figures from A. Heintz, 1938, p. 57, fig. 4. 

a, Rhyncholepis, an anaspid (after Kiaer). b, Head of same from above (after Kiaer). c, Restora- 
tion of Thelodus (after Traquair). d, Magnified cross-section of part of head-shield of Cephalaspis 
(after Stensid). e, Restoration of Palaeospondylus (after Sollas and Bulman). 

Features on figures: AF, anal fin; b, basal layer; DS, dorsal scutes; K, gill apertures; Ib, lateral 
lobes; LS, lateral or pectoral spine; mt, middle layer; n, naso-hypophysial orifice; ob, outer layer: 
OL, upper lobe; or, orbit; p, pineal opening; UL, lower lobe. 


fore becoming an ambulant adult. It is of 
great interest in this connection that the 
early larva of Amphioxus swims at the sur- 
face of the sea. 

Vertebrate evolution probably began 
when the nectonic larvae discovered and be- 
gan to feed on the microscopic food floating 
down the estuaries. They probably fed by a 
ciliary mechanism, using the food groove be- 
tween the bases of the appendages, along 
which the food was carried forward to the 


mouth. Thence it was passed rearward 
through the arthropod gut. 

There is much evidence that the immedi- 
ate ancestor of the vertebrate was exten- 
sively ciliated. Amphioxus larvae are greatly 
ciliated, and the adult is ciliated from the 
mouth along the alimentary tract. Larval 
lampreys also “‘live by ciliary action for 3 or 
4 years’”’ (Regan, 1929). Thompson (1934) 
says from 3 to 5 years. In the course of its 
life it has two very different forms: first, an 
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ammocoete larva living for years on micro- 
scopic food and, second, after a metamor- 
phosis which takes several months, a lam- 
prey or Petromyzon which is carnivorous. 
The larval stage probably represents the 
more distant ancestor. 

The great changes which marked the evo- 
lution of the vertebrate affected the whole 
organisation of the animal, down even to the 
germ plasm. They were correlated with the 
acquirement of more efficient swimming 
than any other group at that time possessed ; 
and several of the changes probably took 
place concurrently. These changes, how- 
ever, for their specification, we must sepa- 
rate, and several of them are discussed in 
the pages that follow. The ancestor could al- 
ready swim, not only as the larva, but also 
as the adult, both by rhythmic lateral wave 
motion of the body, and by rhythmic mo- 
tion of the foliate lobes of its appendages, 
like that in modern polychaetes. This it did 
in order to maintain its position against the 
river current. Swimming especially by lat- 
eral undulation, it thus secured the food be- 
fore it was dispersed. It might be expected 
from their shape that the errant polychaetes 
would swim by undulations in the vertical 
plane. But their nerve cords were lateral in 
position, each controlling the muscles of its 
own side; and this would determine the lat- 
eral undulation. Of the two modes of swim- 
ming this was the one which persisted. As 
evolution gradually improved their speed, 
they were enabled finally to ascend the 
rivers, where the current was progressively 
stronger. Accordingly continually improving 
their speed, they would be relatively good 
swimmers by such time as they attained the 
still waters of the upland lakes. At the same 
time, as they ascended different rivers, and 
from these up various tributaries, they would 
meet a variety of biological and chemical 
conditions and would deploy into a variety 
of forms. It was their relative independence 
of the bottom that created the vertebrates. 
At first perhaps a larval exercise, swimming 
came to occupy more and more of the life 
cycle, and ultimately in the higher modern 
fishes practically the whole of it. 

In striking contrast with this view are 
those of Young and Berrill. Young thinks 
he has ‘‘established” that the vertebrate orig- 
inated either: (1) from a_pelmatozoan 
echinoderm having a ciliated lophophore for 


food collecting and with a larva comparable 
with the auricularia of the Holothuroidea; 
thence through a sessile tunicate stage, 
whose free-swimming larva by neoteny gave 
rise to the fishes, which in his view first 
swam in the Palaeozoic seas (Young, 1950, 
p. 1,72); or (2) from the graptolites (p. 
723). 

Against the first view is the evidence to 
the contrary stated in this paper. Also 
against derivation from an echinoderm is the 
fact that in all echinoderms every ossicle of 
the skeleton is secreted as a single contin- 
uous crystal of calcite, and that this was al- 
ready the case at the beginning of the palae- 
ontological record as is known from Cam- 
brian fossils of Shropshire and elsewhere. 
Furthermore, no echinoderm gives any 
promise of chordate structures. 

Against Young’s second suggestion is the 
fact that we know nothing of graptolites ex- 
cept they have an external chitinous sheath; 
they appear first in the Upper Cambrian, 
whereas already in Lower and Middle Ordo- 
vician highly evolved bony agnathous 
“‘fishes’’ existed (Bryant, 1936; Miller and 
others, 1947); and graptolites also give no 
suggestion of chordate structures,—only a 
similar branching of the chitinous sheaths to 
that of Rhabdopleura, a living pterobranch, 
the chordate affinities of which are disputed. 

Berrill also describes in detail his view of 
the origin from a pelagic tunicate (1955, p. 
119-199), but tunicates are best regarded as 
degenerates. 

In contrast with our theory of the evolu- 
tion of annelid and arthropod appendages 
into vertebrate swimming organs is the 
theory of origin by the subdivision of paired 
fin-folds, a pure invention. All the evidence 
advanced in support of the lateral fin-fold 
theory can be claimed as support for 
the annelid and prot-arthropod appendage 
theory. 

In the anaspid, Endtolepis aneri described 
by Stensié (1939) from the Upper Devonian 
of Scaumenac Bay, Canada, the long ven- 
tro-lateral fin-folds, perfectly divided into 
segments corresponding with the adjoining 
rows of body scales, suggest an origin in a 
segmental succession of appendages, though 
Stensié derives it from a ‘‘paired fin-fold.” 


9, HISTORY OF THE NEW GUT 


In furtherance of its swimming by 
































A THEORY OF ORIGIN OF THE VERTEBRATE 511 


lateral undulations, the ‘‘arthropod”’ ap- 
pendages of the ancestor would be held 
parallel to one another, and fairly close to 
the body so as not to impede the motion; 
also, in some of them at least, they were 
flexed in the middle like arms at the elbow, 
and in all cases the gills upon them effected 
respiration. This attitude, as regards the ap- 
pendages, is indicated by the disposition of 
the gill arches in the Gnathostomata. 

Of the appendages the antennae disap- 
peared and some of the next appendages 
may have become modified or atrophied ow- 
ing to being covered by the labrum,! but the 
succeeding pairs became united at their 
ends in the midline, where they met. In this 
way was formed a long ventral food basket 
and sieve, bounded at the sides by the ap- 
pendages with partings between them; and 
so arose the gill-bars and ‘‘gill-slits,’"” which 
latter are therefore quite wrongly named. 
So too was initiated a new body wall for the 
ventral half of the animal. 

For a long time the prot-arthropod food 
groove would function, the food being car- 
ried forward along it to the mouth; but as 
the speed of swimming increased, this for- 
ward speed of transport of the food along it 
would diminish, at the same time that the 
cells of the food groove itself gradually 
acquired digestive functions, as Gaskell 
claimed. Moreover as this digestive func- 
tion evolved, and swimming speed further 
increased, the forward motion of food to the 
old mouth finally ceased altogether, and was 
replaced by rearward motion through the 
“food-basket’’ bounded by the appendages 
with their gills, and by complete digestion 
along this tract. In such a way it is here 
claimed the new alimentary canal with its 
new mouth and anus must have originated, 
these apertures in both cases being originally 
gaps between adjacent pairs of appendages. 
The mouth is the foremost effective gap; 
but the anus probably owing to the special 
use of the tail as propeller and its great use 
also as rudder, may quite early have ceased 
to open at the end of the body, and may 


1 In the writer’s view this has taken place also 
in the arthropod. In the arachnida only the an- 
tennae have atrophied, and 6 pairs of appendages 
represent the 7 head ‘“‘segments’’; in the Crus- 
tacea, 5 pairs; and in the Insecta, 4 pairs of ap- 
pendages represent the same number (7) of head 
‘segments” (Raw, 1953). 


have shifted in a single stage to a position to 
the front of this organ. The fact that in the 
ontogeny of fishes a post-anal gut later dis- 
appears would thus receive its full explana- 
tion, for the food basket, which became the 
new gut, primitively extended the length of 
the body. 

This is perhaps the only theory which at- 
tempts to explain the pecularities of the 
primitive vertebrate gut; and if it does this 
satisfactorily, thanks are due to Gaskell. For 
if he had not written his 1908 memoir, the 
present writer would probably never have 
attacked the problem. 


10. THE BRAIN AND SPINAL CORD 


The origin of the unique brain and spinal 
cord of the vertebrate is an outstanding 
problem of great importance and extreme in- 
terest. Gaskell claimed that the nerve cords 
had migrated on to the alimentary canal of 
the arthropod ancestor, the anterior ex- 
panded part of which formed, he thought, 


the vesicles of the brain, and the long in- 


testine formed the spinal canal. 

There are four reasons why Gaskell’s 
theory is unacceptable: 

I. Gaskell derived the vertebrate from a 
merostome-like ‘‘Palaeostracan,’’ and he 
supposed that the nerve cords were already 
ventral and internal in position. The au- 
thor’s studies suggest, however, that the 
vertebrate branched off from the articulate 
very much earlier, as indicated above, and 
that, up to the time of completion of the 
polychaete’s brain, the nerve cords were lat- 
eral in position, and still in the ectoderm. It 
is probable, too, that they were still in this 
condition in the prot-arthropod for the rea- 
sons that (1) they are still widely separated 
from one another in some modern Crustacea 
(e.g., Apus); (2) the embryology of the 
nervous system and of the eye in the verte- 
brates suggests that what has become the 
nerve cord was still part of the ectoderm, 
and that this was only a single cell thick, 
when the vertebrate spinal cord was first 
formed; and (3) in their ontogenies the 
movement of the neural folds towards the 
mid-line, where they coalesce, still suggests 
the migration of a pair (or pairs, see below) 
of nerve cords from previous lateral posi- 
tions; notwithstanding that this migration 
must have occurred long before Cambrian 
time. 
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II. The gut, inherited from the prot- 
arthropod, had previously hung in a central 
position in the body. Now, relieved of its 
alimentary functions, and superseded by 
another which lay ventrad of it, it tended to 
be relegated to a more dorsal position. But 
if, as Gaskell supposed, the nerve cords had 
settled on it, and if the neurocoele repre- 
sented it, one would expect the neural folds 
in ontogeny in order to cover it to go under 
instead of only going over the neurocoele, as 
actually obtains. In other words, the neuro- 
coele is by development an external space 
which is newly enclosed (Kerr, 1921, p. 
327); not a previously internal space as was 
the old gut. 

III. The very remarkable characteristics 
of the eyes of the vertebrate offer important 
evidence. The pineal and parapineal eyes 
have retinas which are normal, not being in- 
verted, whereas the lateral eyes have the re- 
markable character that the retina is in- 
verted. Light on reaching the latter first 
passes through the nerve fibres, rendered 
transparent, which are on their way to the 
optic nerve before reaching the sense cells 
themselves (Kerr, 1921, p. 340-342; 1919, 
p. 96-101). 

The development and characteristics of 
these pineal and lateral eyes can be under- 
stood if we suppose that before the migra- 
tion of lateral nerve cords towards the mid- 
dorsal line, the pineal eyes, primitively pro- 
stomial but now dorsal in position, were 
represented by two pairs of eyes near the 
mid-line, whereas the lateral eyes were rep- 
resented by a pair farther apart from one 
another. A representation of the latter in the 
ontogeny of Rana is figured by Kerr (1919, 
p. 141) after Eycleshymer (1895). On the 
theory here developed the pineal and para- 
pineal eyes represent the two pairs of pro- 
stomial eyes inherited from the polychaete, 
whereas the lateral eyes, also inherited from 
the same, are one of seven segmental pairs 

attributed by the writer to the head of the 
prot-arthropod. In the evolving chordate, a 
creature rapidly developing forward swim- 
ming, an anterior position for these eyes 
would constitute a great advantage, so that 
they were probably an anterior pair, belong- 
ing primitively either to the peristome or 
more probably to the following segment of 
the polychaete, the first dorsal segment of the 
primitive arthropod. 


The pineal eyes already near to one 
another were probably still further approxi- 
mated in the migration of the cords towards 
the mid-line and are not inverted; and the 
same applies to the parapineal. However, 
the lateral eyes were quite inverted by the 
movement, due probably to its rapidity and 
their own previous greater separation; and 
they have remained so, and have experi- 
enced a most remarkable evolution in their 
attainment of perfect vision. The distribu- 
tion of these various eyes throughout the 
vertebrates suggest that the less modified 
pineal and parapineal largely served the an- 
cestor till they were superseded by the much 
more efficient lateral eyes. 

IV. There is nothing within the neuro- 
coele to suggest the former presence of the 
gut; though this perhaps may be thought a 
poor argument in view of its apparent use- 
lessness in such a position. 

Both anatomy and embryology are thus 
definitely against Gaskell’s view of this mat- 
ter; and in the following discussion the 
writer offers what he hopes will prove the 
nucleus of a reasonable theory. 

After such a tremendously long time the 
early stages of vertebrate evolution are dif- 
ficult to determine, but on the writer’s 
theory it had been preceded by the evolu- 
tion of the polychaete and of the prot-arthro- 
pod. The polychaete had acquired a complex 
brain in the prostomium by the successive 
association of five pairs of ganglia, the first 
of which, the fore-brain, may itself have hada 
complex origin (Raw, 1949, p. 3). This brain 
innervated two pairs of eyes, which have be- 
come the pineal and parapineal of the verte- 
brate, besides other sense organs, of which 
the olfactory were handed on to the verte- 
brate. 

In the evolution from this of the prot- 
arthropod the prostomium and peristome 
were subretroverted, and this would also in- 
volve the brain, which primitively would 
then form part of the labrum. But in mod- 
ern arthropods inversion of the nervous 
system has been entirely removed because 
the brain has moved forward and upward 
in accordance with the migration of the 
prostomial eyes and the peristomial anten- 
nae. On the other hand, in the Vertebrata 
this has not been the case, for we still have a 
very marked cerebral flexure developed 
early in the ontogeny, which, in the writer’s 
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view, is a recapitulation of the subretrover- 
sion of the brain in the origin of the arthro- 
pod. On this view the anterior limit of the 
primitive brain points rearward at the in- 
fundibulum. Balfour (1881, p. 266) offers a 
much less direct explanation. 

The morphology of modern polychaetes 
strongly suggests that the primitive poly- 
chaete was characterised by sexneury having 
(1) a pair of nerve cords ventrolateral in 
position, which have become the ventral 
nerve cords of modern annelids and arthro- 
pods; (2) a pair of lateral or podial cords, 
still retained in the tetraneural families 
Amphinomidae and Euphrosynidae; and 
(3) a pair of dorsal or ‘‘nuchal”’ cords, still 
retained in the Spionidae, greatly developed 
and cephalised by the tetraneural families, 
and greatly reduced subsequently in other 
families (Raw, 1949, p. 25). It should be 
noted that the segmentally repeated nuchal 
organs of the primitive polychaete probably 
were ciliated as in modern polychaetes 
(Séderstrém, 1927). 

The vertebrate arose very early, and the 
writer suggests that all three pairs of nerve 
cords were still present in the prot-arthro- 
pod ancestor, and that all three pairs of 
cords have united to produce the central 
nervous system of the vertebrate. That two 
have united is suggested by the uniform ex- 
istence of dorsal and ventral roots. That 
there has been union of parts previously 
separated is suggested (1) by the structure 
of the spinal cord of Amphioxus, with its 
dorsal rift, and still more by that of the 
craniates with the dorsal and ventral fis- 
sures; (2) by the ontogenies, first, that of 
Amphioxus, where the ectoderm from each 
side grows over the medullary plate, and 
still more by the ontogenies of the craniates 
and other lower chordates where the neural 
folds move over and above the medullary 
plate to the mid-line so as to produce the 
neural canal. Further, that the medullary 
plate itself represents an earlier union of 
nerve cords than those of the neural folds is 
suggested by the fact that, although there is 
a ventral fissure in the spinal cord, the me- 
dullary plate is continuous across the me- 
dian plane from its first appearance. 

If the figures of Hatschek are reliable, 
Amphioxus does not exhibit typical neural 
folds. They are clearly diagrammatic, and 
do not represent any particular sections. 
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When describing the ontogeny, de Beer 
(1928, p. 163) mentions ‘‘neural folds’ and 
Forster-Cooper in Parker & Haswell (1947, 
p. 52) ‘‘medullary folds.’”’ Perhaps Hat- 
schek’s figures are wrong, in that where the 
“fold” is moving over the medullary plate 
he represents one layer only of ectoderm in 
the ‘“‘fold’”’ instead of two. But exactly the 
same applies to the figures by Conklin 
(1932). In later stages after the delimitat’on 
of the notochord as well as the nerve cord 
the layers are complete. In corresponding 
stage of the Ascidians, Phallusia and Clavel- 
lina, there are three layers altogether, as 
might be expected; longitudinal sections of 
Clavellina (after Van Beneden & Julin) may 
be compared with Hatschek’s transverse 
sections in Parker & Haswell (1947, v. 2, 
fig. 29,30,47). These neural folds and their 
migrations the writer regards as a fairly 
close ontogenetic recapitulation of the migra- 
tion of two or three pairs of nerve cords 
towards the mid-line in the evolution of the 
vertebrate. 

It is noteworthy that whereas in the more 
primitive annelids and arthropods the post- 
cephalic central nervous system is still two 
separate chains forming a ladder-like struc- 
ture, in even the most primitive vertebrates 
the two halves of the system are intimately 
united throughout the entire length. We 
may argue from this that in the vertebrate 
the factors causing migration were stronger. 

In both articulates and vertebrates mi- 
gration of the nerve cords occurred early. 
In the former, which lived in close relation 
to the floor of their water habitat, it was 
downward, and toward the mid-ventral line. 
But in the early vertebrate, which was inde- 
pendent of the bottom, but dependent on 
floating food and stimulated by light from 
above, migration was upward and toward 
the mid-dorsal line. Migration either up or 
down of lateral cords in the ectoderm would 
approximate the cords of the two sides; and, 
as both worms and vertebrates swim by 
lateral undulations, this might be expected 
mechanically to shift the non-muscular 
cords. Still another principle tending towards 
approximation of the cords in the mid-line 
is the obvious advantage in a ladder-form 
nervous system of close association of the 
two chains, 

In the vertebrates the migration of the 
cords appears to have been very much more 
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rapid than in the articulates. This can be at- 
tributed to their rapid development of 
swimming. In the vertebrates, the stimuli of 
food and light would act from the first, in- 
dependent of the rate of swimming. But as 
locomotion became more and more efficient, 
the migrating nerve cords would be sub- 
jected more and more intensively to the al- 
ternate contraction and expansion effected 
by the longitudinal muscles of the body 
wall involved in the locomotion; and this 
would tend to shift the non-muscular nerve 
cords of each side more rapidly, towards the 
animal’s median plane, where both contrac- 
tion and expansion die out, and only bend- 
ing remains. The tendency of the nerve 
cords to shift directly towards the median 
plane culminated in enclosure of a median 
water space, the neural canal. The ectoderm 
cells lining this canal, being sealed off from 
the surrounding medium, have probably re- 
mained largely in their primitive condition. 
This is ciliated epithelium; and so suggests 
what was the character of part, at least, of 
the ectoderm at that early period, even in 
the prot-arthropod. There might indeed be 
ciliated nuchal sense organs involved in the 
neural folds. 

Inasmuch as great changes are often the 
result of a conjunction of several factors, it 
may well be that supersession of the articu- 
late gut by that of the vertebrate, as claimed 
above, was an important additional factor 
in the origin of the neurocoele. The former 
gut may have been connected by median 
mesenteries with the mid-dorsal and mid- 
ventral lines of ectoderm. If so, as the verte- 
brate gut superseded the arthropodan in 
function, the latter would probably shrink. 
It is argued below that the old gut has 
disappeared entirely, and if it shrank, it 
would draw down with it the ectoderm of 
the mid-dorsal line. In this way the forma- 
tion of the neural groove, the neural folds 
and the neurocoele may al! have been 
greatly facilitated. 

But if the above is a fairly true picture of 
the origin of the spinal cord, how are we to 
account for the spacious cavities of the 
primitive vertebrate brain? To this perhaps 
no detailed satisfying answer can be given 
as yet. Because great cephalisation existed, 
and velocity of forward motion was rapidly 
attained, it would be surprising if the an- 
terior part of the nerve cord were just like 


the rest. Some features of the head could not 
fail to exercise control over the migration of 
the nerve cords; for they embraced a com- 
plex and bulky brain inherited from the 
polychaete but subretroverted for the arthro- 
pod, a complex head made of 6 normal seg- 
ments above, besides the rostrum and the 
labrum below, olfactory and other sense 
organs including two different pairs of ven- 
tral eyes, originally prostomial, a pair of 
“rostral,’’ and six pairs of dorsal eyes be- 
longing to adjacent segments. At least we 
can suppose that the developing head and 
the pre-existing sense organs still in the ecto- 
derm would control the advance of the 
neural folds at the anterior end. 

In the origin of the central nervous sys- 
tem just sketched, what originally were 
most dorsal in position now form the ven- 
tral plate of the spinal cord; then follow the 
ventro-lateral parts of the cord with the 
ventral nerve roots; and, finally, what were 
most ventral in position are now the dorso- 
lateral parts with the dorsal nerve roots. 
This great reversal explains why the dorsal 
roots serve the ventral side of the body and 
the appendages. Amphtoxus, where the dor- 
sal and ventral roots do not join, still ex- 
hibits a feature which finds its complete ex- 
planation in our theory. The visceral nerves 
arise from the dorsal roots and pass via the 
metapleural folds to the dorsal side of the 
gut. In the fishes, however, where we have 
the junction of the dorsal and ventral roots, 
this longer course is short-circuited via the 
ventral root. 

The writer has shown how in the evolu- 
tion of the polychaete the visceral nervous 
system had three times over been extended 
at the expense of the central (Raw, 1949). 
In the evolution of the vertebrate such a 
transfer from central to visceral nervous 
system occurred anew, and on a vast scale. 

No mention has above been made of the 
neurenteric canal, which has puzzled many 
—the gut lined with ‘“‘endoderm”’ is in that 
stage of development quite continuous with 
the neurocoele lined with ectoderm. But in 
the phylogenetic stage, to which that stage 
in the ontogeny points back, the cell layers 
that became the linings of these tubes were 
in each case bounding external space, i.e., 
were ectoderm. Thus on the theories here 
advanced the difficulty disappears. 

It will perhaps be agreed that the central 
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nervous system and the sense organs of the 
vertebrate are very strongly in support of 
the author’s theory and very strongly 
against the derivation of the vertebrate 
from the Tunicata and the Echinodermata. 


11. THE NOTOCHORD 


Another great and new feature, in which 
again the chordates are unique, is the pos- 
session of the notochord, which gives them 
their newer name. With the exception of 
Gaskell, few writers seem to have concerned 
themselves greatly with its mode of origin. 
He suggested that just as the spinal canal 
was, as he believed, a discarded gut, so the 
notochord was another, which had followed 
the first in use, and, in its turn had been 
superseded by a third, the present gut. His 
mode of origin of the spinal canal has been 
discredited above (see section 10), and his 
origin of the notochord must also be care- 
fully weighed. Like the other changes above 
discussed, the origin of the notochord seems 
to be closely connected with the acquire- 
ment of free swimming. For undulatory 
swimming, an elastic rod in the axial plane 
and in the axial line should have been a 
manifest great advantage. As the propulsive 
waves passed back through the body, it 
should, after being bent, tend to return 
through zero to an equal bending the other 
way. The notochord is cellular, and the 
special turgidity of its vacuolated cells gives 
rigidity and elasticity, which is further in- 
creased by the strength and resiliency of its 
two sheaths in tension. Hence the question 
to be decided is how did it arise: did it arise 
de novo, or from a preexisting structure 
adapted to a new function, and, if the latter, 
which structure? 

The writer agrees with Gaskell as to the 
secondary origin of the vertebrate gut, but 
he disagrees as to the origin of the neural 
canal. It follows therefore that on the 
theory here advanced the evolving verte- 
brate had the arthropod gut to spare. Had 
Gaskell himself advanced the claims made 
above by the present writer, he would pos- 
sibly have attributed the notochord to a 
modification of the spare arthropod gut. 
And it may be noted that just as in the 
theory so far developed the arthropod gut 
directly underlay the nerve cord, so in prim- 
itive vertebrates today and in the early 
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stages of all of them, the notochord immedi- 
ately underlies the neural tube. 

On the other hand, in vertebrate ontog- 
enies the embryonic enteric cavity or 


' “archenteron” becomes the chordate gut, 


and in Amphioxus and Petromyzon this 
“archenteron”’ definitely gives origin to the 
notochord and to coelomic pouches, after 
which the nerve-cord, the notochord and 
the gut lie in descending order with nothing 
between them. In higher forms, right up to 
man, though the presence of yolk brings 
modification, development leads early to the 
same superposition of organs, which only in 
later development are separated by meso- 
dermal products. 

These facts offer the following alterna- 
tives: either the notochord is a modification 
of the articulate gut in defiance of the bio- 
genetic law, or it is adevelopment of the dor- 
sal part of the vertebrate gut, as is sug- 
gested by their ontogenies, especially all the 
more primitive forms. The origin of the cen- 
‘tral nervous system in the ontogeny is 
claimed above (section 10) as a close re- 
capitulation of the phylogeny. The writer 
here again accepts the suggestion of ontog- 
eny, and claims that the notochord is a 
modification of the dorsal part of what was 
to become the vertebrate gut. One can imag- 
ine, that, in the evolving vertebrate, the 
dorsal groove of the above deduced ‘‘food 
basket’’ (see section 9), already in the me- 
dian plane, sufficiently coincided also with 
the axial line, and that its cells were already 
highly turgid. As nature found a new use for 
this turgidity, she improved upon it by 
pinching it off from the gut, and surround- 
ing it with two tightly stretched sheaths 
which are secretions by these cells. Kerr 
(1919, p. 290) describes the first as “thin, 
elastic highly refracting and cuticular,”’ and 
the second (inside the first) as also ‘‘cuticu- 
lar, but thicker and more jelly-like.’’ These 
descriptions suggest secretion by the ecto- 
derm of an arthropod. Though ontogeny has 
been rather a “broken reed”’ in the past, so 
far as indicating the phylogeny of the verte- 
brate is concerned, the origin of the noto- 
chord in ontogeny is fully in support of this 
view. We need not suppose with Gaskell, 
that the evolving vertebrate has had three 
successive separate guts, but that it had two, 
of which the dorsal strip of the second be- 
came modified and divided off to form a dis- 
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tinct cylinder, the notochord. Its subsequent 
extensive change of form and its reduction 
by the ossicles of the vertebral column re- 
placing it are universally accepted. 

In Amphioxus and its relatives, which in 
their apparently complicated history have 
retained a ciliary mode of feeding for even 
the adult stage, the new gut, after separa- 
tion of the notochord, experienced the devel- 
opment of another dorsal ciliated food 
groove throughout its pharnyx. This sug- 
gests how the notochord originated. 

Indeed in the ancestor of the craniate 
vertebrates a second notochord did actually 
develop. Vertebrates, up to the grade of 
Amphibia, often exhibit a vestige of a sec- 
ond notochord, the so-called hypochord. 
Kerr (1919, p. 290) writes, 

“‘This organ (see Gibson 1910) arises after the 
notochord, and in an entirely similar manner. 
...On its surface it normally develops a 
primary sheath precisely like that of the noto- 
chord. ... The fact that it does not occur in 
Amphioxus has rendered possible the sugges- 
tion that it represents the longitudinal groove 
which in this animal runs along the mid-dorsal 
line of the pharyngeal wall. But this idea is 
negatived by the fact that the hypochord ex- 
tends right back to the tail, and is not merely a 
pharyngeal organ.” 


This last stricture cannot be accepted, for 
on the theory above developed the ancestor 
of Amphioxus had gill slits and the hyper- 
pharnygeal groove throughout the body. 
The duplication of the gills in front and 
closure of them behind could in this case be 
attributed to the mode of life—almost 
buried upright in the sand. The hypochord 
can then be claimed as a second formation of 
notochord, and as indicating that after the 
formation of the true notochord a second 
food groove developed, while yet the pos- 
terior gills and ‘‘gill-slits’’ existed. Seem- 
ingly, this second food groove formed a sec- 
ond notochord when the posterior gil!s and 
“‘gill-slits’’ aborted. 


12. INFERRED VESTIGES OF THE 
ARTHROPOD GUT 


According to our theory the vertebrate 
evolved from the arthropod, but the mod- 
ern vertebrate has nothing comparable with 
the arthropod gut. The only organ which 
the writer would suggest is a vestige of the 


arthropod gut is the hypophysis, which may 
be its anterior extremity. Of the rest of that 
alimentary canal no vestige can be indi- 
cated. Not only has it disappeared from the 
adult, it is not even indicated in the on- 
togeny. The ‘“‘archenteron’”’ resulting from 
gastrulation leads in the most primitive 
forms directly to the vertebrate gut. 

Further, the lining of the gut, which in 
the ontogeny is traceable back to the endo- 
derm of the embryo, has in the phylogeny 
been derived from the ventral exterior, i.e., 
the surface of the body and appendages, of 
the prot-arthropod. Ectoderm of the an- 
cestor is represented by endoderm of the 
modern embryo! 

One can imagine that after the complex 
evolution of the vertebrate the ontogeny 
also was at first correspondingly complex, 
representing the development first of articu- 
late and then of vertebrate; but in time the 
features of the first were more and more cur- 
tailed until they disappeared altogether 
(principle VI). 

The pituitary body may be a case of old 
digestive glands of the articulate taking on 
in the vertebrate a new function. 


13. REDUCTION OF THE GILLS AND 
CHANGE IN THE MYOTOMES 


As the efficiency of the gills for respiration 
was increased, both by their own develop- 
ment and by habitual and rapid swimming, 
they were no longer needed on all the seg- 
ments present in the ancestor, and they 
ceased to be developed on any but the an- 
terior ones. Further, to judge by fossil and 
recent forms, they were relatively early re- 
duced in the gnathostomes to about ten. 
This curtailment originated the difference 
between the pharynx and the rest of the gut. 

More immediately connected with the de- 
velopment of swimming speed, indeed re- 
sponsible for it, were the extensive changes 
in the musculature, namely, the suppression 
of the circular muscle layer if such persisted, 
and the special development of the longi- 
tudinal muscles within each segment, till 
they practically filled them, and formed the 
myotomes. Further increasing the efficiency 
of the latter for locomotion was the change 
in their form—from plane transverse, to the 
sharp angulation seen in Amphioxus, and 
still further, to the triple angulation seen in 
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the higher fishes. This would help to pro- 
mote perfect continuity in the undulations. 


14. THE VERTEBRATE BODY CAVITY 


Another new development, that of the 
splanchnocoel (the ventral continuous body- 
cavity), is perhaps difficult to envisage. The 
advantage to the fish of the independence of 
the gut from the muscular body-wall is ob- 
vious. In some way, when the continuous 
new body-wall formed on each side of the 
new post-pharyngeal gut, the appendicular 
branches of the coelomic pouches also 
joined up into a continuous splanchnic 
coelom, over which later the myotomes ex- 
tended as undulatory locomotion was per- 
fected. 

In the ontogeny of Amphioxus this phylo- 
genetic change is beautifully repeated, for 
the splanchnocoel is at first segmented, and 
later ‘‘the partitions between the splanch- 
nocoelic sections of successive somites break 
down, so that the splanchnocoel becomes a 
continuous cavity from end to end of the 
gut” (Bourne, 1902, p. 199). The origin of 
the body cavity can be regarded as a natural 
result of the undulatory swimming of the 
fish. It allows the gut to have less undula- 
tory motion than the body walls. 


15. EVOLUTION OF THE FISH FORM 


Characteristic of the typical fish is the lat- 
erally compressed body, adapted to undula- 
tory propulsion, combined with a stream- 
lined spindle form to facilitate the locomo- 
tion. As Dean expressed it, ‘‘aquatic life has 
stamped them in a common mould, and has 
prescribed the laws which direct and limit 
their evolution.” This body-form is a primi- 
tive chordate development, and had been al- 
ready evolved in the earliest free-swimming 
fishes known—the Anaspida, and at least 
behind the head, in the Pteraspida. Its evo- 
lution would accompany the other changes. 

A thin strip that can be thrown into rap- 
idly moving waves travelling along it (from 
front to rear for forward movement) is es- 
sential for this kind of locomotion. However, 
propulsive muscles are voluminous, located 
in space that is needed also by other body 
organs. An accessory factor favouring speed 
is the presence of numerous mucous-secret- 
ing cells in the skin, the secretion of which 


evens up the surface and reduces friction. 
Richardson (1936), however, could not see 
evidence of this. 

The early arthropod from which the fish 
had evolved may have had a widely differ- 
ent form, as befits an adult benthonic life. 
It was long, depressed, and with lateral 
compound appendages on every normal seg- 
ment, each comprising a pleuron, walking 
leg, and gill. 

In the foregoing discussion of vertebrate 
evolution much has been said about the gills 
and their reduction in number, but nothing 
about their form. Primitively these must 
have been external and probably pinnate as 
in the arthropod but now except in the lar- 
vae of a few freshwater forms and in the 
larvae of Amphibia they are internal, sessile 
and lamellar. Kerr (1905-6, 1907) expressed 
the view that the external gills were organs 
of great antiquity and had preceded the in- 
ternal gills, and also that the respiratory 
epithelium lining the existing gill clefts and 
constituting the gills had spread inwards 
from the external gills. 

For the locomotion of the fish it was cer- 
tainly of advantage to dispense with the re- 
sistance offered by the external gills, and 
Kerr’s suggestions indicate how it could be 
effected. Presumably, for a long time the 
change took place in the ontogeny, the lar- 
vae having external and the adults internal 
gills, as stiil occurs in the primitive fishes 
above mentioned. By this view the external 
gills can be regarded as handed down not 
only from the early vertebrates, as Kerr be- 
lieved, but even from the ancestral arthro- 
pods. This change from external to internal 
gills together with the closure of all the gill 
“clefts’’ not needed would greatly help to 
stream-line the body surface and so favour 
speed. 

At the same time and to the same pur- 
pose the body was greatly shortened, so 
that for the most part, when swimming, it is 
not longer than a complete body-wave com- 
prising a right and a left out-bowing. There 
are however ‘‘exceptions to every rule”: for 
example, the eel has a long body which when 
swimming exhibits more than a complete 
wave, indeed two waves according to 
Marey. In view of its ontogeny, however, 
this can be regarded as a secondary adapta- 
tion to its adult mode of life. 
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Like other animals, fishes survive in the 
struggle for existence in different ways, by 
speed, armour, invisibility, or concealment. 
When one considers their ancestry and their 
habitat, the test of real progress may be 
taken to be speed. For this, four factors are 
pre-eminent: (1) body form, (2) efficient 
muscular and nervous systems, (3) flexible 
and thin armour, and (4) lubrication. In 
each of these features the fishes are supreme 
among swimming animals. 

There are however among fishes so many 
ways of making a living, that the most spe- 
cialised are far from being the fastest swim- 
mers. 


16. THE COMPOUND DEPLOYMENT INTO 
THE MONORHINAL AGNATHA AND THE 
DIPLORHINAL GNATHOSTOMATA 


Important divergences must have ap- 
peared very early in vertebrate ancestry for 
the early Palaeozoic chordates can be divided 
into two subphyla, the monorhinal Agnatha 
and the diplorhinal Gnathostomata. 

Of the two divergences one would think 
that the division by the olfactory orifices be- 
ing a median single one, or a symmetrical 
pair would come first, to be followed by the 
reduction of the appendages in the Agnatha 
or the use of them for jaws and limbs in the 
Gnathostomata. 

The latter as they evolved would appear 
to have ingested larger and larger food and 
some of them, as their powers grew, fed on 
more and more formidable prey. 

In the Gnathostomata an anterior pair of 
appendages, owing to their position, came to 
function as jaws for seizing all sizeable food; 
and owing to their attitude the distal halves 
of these right and left appendages acting to- 
gether became the lower jaw, and the prox- 
imal halves became the upper jaw. 

It is not necessary to suppose that primi- 
tively it was the same pair in all branches. 
There may have been divergences of which 
we know nothing as yet. The labial carti- 
lages may represent an anterior pair of 
limbs immediately in front of the mandibu- 
lar, which were superseded because of their 
weakness. Kerr regarded them as ‘‘of no im- 
portant morphological significance”; but on 
the contrary most vestiges are keys to mor- 
phological problems. The later association of 
the mandibular arch with the cranium, and 
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the support furnished by the hyoid arch in 
later times, are generally recognised. 

Exactly which segmental pair it was that 
became the jaws of modern vertebrates may 
be in doubt, but it is deduced (section 5) to 
have been the third in front of the occipital 
segment of the arthropod. Gaskell believed 
that they belonged to the occipital segment 
i.e., that which in the writer’s view corre- 
sponds to the 6th segment behind the 
peristome of the ancestral polychaete; and he 
believed that the thyroid gland belonged to 
the next segment but one behind. 

Many have thought that the Agnatha 
gave rise to the Gnathostomata, but as the 
Agnatha are monorhinal this is extremely 
improbable. 


17. THE MEDIAN FIN—A VERTEBRATE 
DEVELOPMENT 


It is important to determine, if possible, 
what was the primitive condition, and also 
what was the primitive function of the vari- 
ous fins, for functions change readily in 
adaptation to new conditions. 

The median fin, comprising dorsal, caudal 
and ventral (or anal) has been regarded: 
(1) as constituting a unit; (2) as being older 
than the paired fins (e.g., Dean, 1895, p. 31; 
Jordan, 1905, p. 63; Young, 1950, p. 79); or 
(3) as being of the same nature as, and a 
continuation of, the paired. All of these 
views are here opposed. 

(1) Is the median fin a unit? No. In 
Amphioxus the dorsal and the ventral are 
distinct. The fin rays supporting the dorsal 
are single, whereas those supporting the 
ventral are paired. This ventral fin also ex- 
tends forward to the atriopore, beyond 
which are the paired metapleural folds. 
These conditions suggest that the ventral 
fin has a quite different origin from the 
dorsal, that it is due to a coalescence in the 
mid-line of the pairs of pleura of the pos- 
terior segments so as to extend the undulat- 
ing surface for swimming, and that in front 

of the atriopore on each side the pleura have 
coalesced into a lateral fold, and extended 
down over the pharynx, while branches 
unite with those of the other side in the mid- 
line serving thus as a protection against the 
sand for this part, in adaptation to its bur- 
rowing habit. The median fin behind may 
well indicate the origin of the ventral me- 
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dian fin (often called the anal) of fishes in 
general. On this view the dorsal fin has a 
quite different origin from the ventral or 
anal. It could not form till after the closure 
of the neurocoel. This is perhaps a new 
theory (compare Whitehouse, 1918, p. 137). 
It derives support also from the fact that in 
elasmobranch development the dorsal fin 
commences with distinct segmental muscle 
buds from the pairs of myotomes, but “In 
the anal fin and the caudal fin distinct 
muscle buds do not occur, the radial muscles 
being derived from proliferations of cells 
from the ventral border of the myotomes”’ 
(Goodrich, 1930, p. 115). 

(2) Is the median older than the paired 
fin? No. If one accepted the latest edition of 
the popular theory, namely, derivation from 
near the echinoderm through the tunicate, 
which on that theory are primitive, not de- 
generate, and by neoteny have given rise to 
the chordates (Young, 1950, p. 49, 72-77; 
Berrill, 1955), we could conclude that the 
median fin was the more primitive. But if, 
as I believe, the paired fins represent arthro- 
pod pleura derived in turn from foliate 
lobes of the polychaete, they have a colossal 
antiquity. On the other hand the dorsal fin 
is not, as is the paired, an inheritance from 
the articulate; instead it is a vertebrate de- 
velopment, as is indicated by the existence 
of the neural canal, and its necessary mode 
of origin. It is a skin fold, which developed 
early, and still is present in tunicates, 
Amphioxus, and fish. Both in Elasmo- 
branchs and in higher forms it is furnished 
with skeleton and with muscles extending 
into it from the myotomes. Its function is to 
increase the surface effecting propulsion and 
turning, to actively share in these functions, 
and also to serve as a vertical keel. The de- 
velopment of a dorsal and ventral fin to the 
end of the body resulted in a diphycercal 
tail found still in many fishes and especially 
in fish larvae. This suggests that this form 
was developed early in chordates—proto- 
cercal. 

(3) Are the median and paired fins of one 
and the same origin? No. In answering 1 and 
2 we have at the same time answered 3 in de- 
tail, Norman (1947, p. 56) expressed the 
view that the paired fins are a split contin- 
uation of the median through the anal fin. 
He thus implies that all the fins constitute a 
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unit. Goodrich (1930, p. 124) also stated, 
‘An examination of the development of the 
paired fin shows that in every important 
particular it resembles that of the median 
fins.”” On the ccntrary, as he himself points 
out, in our most primitive gnathostomes, the 
Elasmobranchii, the paired fins have two 
muscle buds per segment, whereas the dorsal 
fins have only one. This, one thinks, must be 
significant. 

As expressed above, the dorsal part of the 
median fin must postdate the development 
of the vertebrate spinal cord, and the ven- 
tral part must likewise postdate the devel- 
opment of the alimentary canal and ventral 
body-wall, so that the whole median fin is 
obviously a vertebrate development. 


18. HETEROCERCAL AND HYPOCERCAL 
TAILS OF EARLY FISHES 


The earliest well-preserved fossil ‘‘fishes’’ 
are Agnatha and related, it is believed, to 
modern cyclostomes. If so, they would not 
have an air-bladder, and so would be heavier 


‘than the water, especially as this was fresh. 


Those that were strongly armoured were 
especially heavy. The most primitive are of 
two contrasted types: the primitive Osteo- 
straci (Cephalaspida, text-fig. 3a-j, and 
Anaspida, text-fig. 4a and 6) and the less 
primitive Heterostraci (Pteraspida, text- 
fig. 5,6). All are very different from any 
modern form and extremely different also 
from one another, indicating how very early 
was the origin of the chordate. 

The CEPHALASPIDA are in several ways 
the most primitive of craniates. Between the 
head and tail, where it is difficult to count 
segments, there are more than 60 similar 
segments each defined by its own large 
scales, and each with its pair of lateral fins 
(ventro-lateral and latero-ventral scales) 
closely comparable with the pleura of primi- 
tive arthropods. The cross-section through- 
out this part of the body is an elevated tri- 
angle adapted for resting on the _ bot- 
tom, with the ventro-lateral and latero- 
ventral ‘‘scales” (fins) extending from the 
bottom corners to provide further support. 
The dorsal fin except for dorsal scutes is 
limited to one or two triangular fins (see 
Stensié, 1927, 1932; Heintz, 1939a). 

In front of these normal segments is the 
large roughly semicircular head, arched 
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TEXT-FIG. 5. Heterostraci. All from A. Heintz, 1938, p. 52, fig. 2. 

a, Restoration of Pteraspis rostrata (after White). b, Poraspis, dorsal shield (after Kiaer). c, 
Cyathaspis, dorsal aspect of head shield. d, Pteraspis, dorsal aspect of shield with sense lines; e, 
median dorsal plate of Pteraspis with sense lines and growth stages (after White); f, arrangement 
of plates around the mouth in Pteraspis (after White). g, The same in Pteraspis vogti (after Kiaer). 
h, Drepanaspis, head from above (partly after Patten). 

Features on figures: bo, branchial orifice; BP, branchial plate; CP, cornua! plate; L1, L2, longitu- 
dinal sense-canals; LP, lateral plates; m, mouth; MD, mediodorsal plate; MS, median spine; OP, 
orbital plate; or, orbit; orl, oral plates; p, pineal eye; PP, pineal plate; Q2—Q4, transverse sense- 
canals; R, rostral plate; VS, ventral shield; Z1-Z5, growth stages of median-dorsal plate. 
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TEXT-FIG. 6—Heterostraci. Poraspis from Spitzbergen (after Kiaer & Heintz, 1955). All figures from 


Heintz, 1938, p. 50, fig. 1. 


a, Restoration of Poraspis in side view; b, dorsal shield without sculpture, but with the courses 


of sense-canals in black line and the impressions of the organs on its vental side in dotted line; c, 
ventral shield with courses of sense canals (black) and with gill pouches of its inner side (dotted); 
d, cross-section of a shield greatly magnified (no trace of bone cells to be seen); e, surface ot head 
shield, magnified, showing the dentine ribs and the pores; f, part of shield from which the surface is 
removed, magnified, showing the cancellous layer traversed by a sense canal. 

Features on figures: b, basal layer; bs, branchial sinus; bo, branchial orifice; BP, branchial 
plate; DS, dorsal shield; e (in D), dentine ribs; GO, impressions of semicircular canals; K, impres- 
sions of gill sacs; L1, 2, inner and outer longitudinal sense-lines; m, mouth; MO, impression of 
medulla oblongata; mt, middle spongy layer of shield; ns, impressions of nasal sacs; ob, upper layer 
of shield (dentine); p, impression of the pineal organ; pbl, post-branchial lobe; PK, pineal sense- 





line; Q1-Q4, transverse sense-lines; r, rostral part of shield; VS, ventral shield. 


above, but flat below, where the mouth and 
the gill openings of each side are arranged in 
a circle. Within the posterior corners of the 
head some forms have a pair of pectoral 
fins, which are best interpreted as a develop- 
ment of the coalesced pleura of the immedi- 
ately succeeding body segments. But these 
Osteostraci exhibit various stages of cephali- 
sation, and some, instead of bearing these 
fins have a number of the body segments 
coalesced with the primitive head. More- 
over, behind the normal segments and the 


anus, they bear (at least in Hemicyclaspis) 
a pair of horizontal fins, as discovered by 
Stensi6 and interpreted by Heintz (1939a), 
followed by a heterocercal tail, the axial 
lobe being bent upward and bearing its fin 
mainly below. That they are quite off the 
line leading to modern fish is indicated by 
their armoured cephalon, their retention of 
pleura on all normal segments, and their 
post-anal horizontal pair of fins. Their 
build—heavy head, triangular section, ven- 
tro-lateral scales, post-anal paired fins and 
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heterocercal tail—all suggest a benthonic 
mode of life. As to the primal function of the 
heterocercal tail, Harris (1936) claimed that 
in the dog-fish such a tail is necessitated by 
the activity of the pectoral fins in lifting the 
head, the function of the tail being to com- 
pensate for this by giving a lift to the rear. 
But pectoral fins could act equally well to 
give lift or drop. All early fishes took their 
rest on the bottom, and in the writer’s view 
the primitive function of the uptilt of the 
tail was to apply itself to water rather than 
to mud, and it contrasts with the function of 
the hypocercal tail of the anaspid. 

The ANASPIDA (text-fig. 4a,b), first ex- 
tensively revealed by Kiaer (1924), area 
great contrast. Their very light exoskeleton, 
numerous segments giving great flexibility, 
and vertically extended triangular section 
suggest that they were excellent swimmers. 
Their surviving gills are indicated by a row 
of round apertures descending posteriorly 
behind the head; there are 6 in Lasanius 
(Bulman, 1930), 8 in Birkenia (Traquair, 
1898) and Rhyncholepis, 10 in Pterolepis, and 
15 in Pharyngolepis (Kiaer, 1924). Pectoral 
fins are represented by a pair of spines pro- 
jecting laterally from a segmental exoskele- 
tal element and situated a few segments be- 
hind the last gill aperture (Kiaer, 1924, 
p. 79,81), or there may be a segmental suc- 
cession of these (Lasanius, Bulman, 1930). 
In these genera the only function of these 
spines would appear to be support on the 
bed of lake or river, but in one genus at 
least, and perhaps two, paired fins are well 
developed (Stensié, 1939). In Endiolepis, an 
Upper Devonian form, an extensive row of 
conspicuous segmental ventro-lateral scales, 
united at their edges, extend out at right 
angles to the body, closely comparable with 
arthropod pleura. They adjoin a row of 
shorter scales forming the ventral edges of 
the sides of the abdomen up to the anus, be- 
hind which is a triangular anal fin. Endio- 
lepis also has a dorsal fin, although most 
other Anaspida have dorsal fins represented 
only by spiny scutes. 

All Anaspida have a hypocercal tail, the 
axis having a marked downward bend and 
with the tail fin limited to the dorsal side of 
it. This type of tail, the opposite of the 
heterocercal, has perhaps not hitherto been 
interpreted. To the writer it signifies the op- 


posite mode of life from the benthonic. The 
Anaspida, great swimmers as their body 
form suggests, probably got their food 
mainly from the water surface. Primitively 
they turned down their tail to cause it to 


apply itself to water rather than to air, fur- 


ther inclining the body, head up toward the 
surface. 

The PTERASPIDA (text-fig. 5 and 6), the 
third ostracoderm order mentioned, are 
again very different. They agree with the 
last in that their tails are hypocercal and 
that the post-cephalic parts of the body are 
well built for swimming; but the cephalic 
and greater part of the body is encased in 
armour between great dorsal and ventral 
shields. The gills were served by the mouth 
in front and a single lateral posterior open- 
ing on either side halfway up the profile. 
This kind of fish was well designed for rest- 
ing on the bottom as well as for swimming. 
The streamlined posterior part of its body 
and its hypocercal tail suggest that, before 
it secondarily adopted a largely benthonic 
life, this fish was a good swimmer. However, 
the hypocercal character of its tail is not as 
pronounced as in Anaspida, and may be a 
response to the weight of the anterior ar- 
mour. 

The general presence of heterocercal tails 
in the early fishes suggests that they are de- 
rived from somewhat benthonic ancestors. 
One can imagine that when they reached 
lakes, where the current was negligible, 
many vertebrates, in the absence at that 
stage of swimming bladders, subsided to the 
lake floor and made it their usual abode as 
well as places of repose. 

Romer (1933) suggested that the armour 
of the early fishes was a protection against 
the predaceous eurypterids, both groups in- 
habiting the same waters at the same time. 
This seems possible as regards the armour of 
both early Agnatha and fishes. In Precam- 
brian time the ancestors of both chordate 
and chelicerate had ascended the rivers, and 
they were in this antagonistic relationship 
in the upland lakes of the North Atlantic 
continent. The origin and ascent of the 
vertebrate are claimed in this, and those of 
the chelicerate in a previous paper (1957). 

But H. W. Smith (1943) as pointed out 
by Berrill (1955, p. 235) offers an alterna- 
tive explanation of the accumulation of 
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bone in so many of the earliest fishes, 
namely, that it was due to the change of habi- 
tat from salt sea water, to which their an- 
cestors were necessarily adapted, to the 
fresh waters of rivers and lakes. Smith be- 
lieved that ‘‘the ever-present armour of the 
fossilised vertebrates of Silurian and De- 
vonian time was a defence against the os- 
motic invasion of fresh water rather than 
the claws and tailspines of Eurypterids.” To 
Berrill (1955, p. 236-242) this is ‘“‘closer to 
the truth,’’ but he adds an excellent discus- 
sion on the skeleton of vertebrates in his last 
chapter, pointing out that the excretory sys- 
tem in the change to fresh water had to deal 
not only with water but with an abundance 
of calcium carbonate and phosphate, and the 
skeleton was over developed ‘‘because of in- 
ability to eliminate the salts fast enough by 
any other means.” They ‘‘became bottom 
feeders because they were too heavy to be 
anything else.” One might add that an im- 
portant factor in their inability to adapt 
themselves might be the fact that the change 
was so abrupt from marine to fresh waters. 
But one must keep in mind that there were 
also the Anaspida. 


19. THE PAIRED FINS 


Except for Kerr, there has been striking 
uniformity of opinion among later zoologists 
as to the origin and significance of the paired 
fins. They are regarded as specially devel- 
oped parts of continuous fin-folds evolved 
in the chordate, and this view is repeated in 
the latest text books. Many indeed have be- 
lieved that they are of the same nature as, 
and indeed a bifid continuation of, the 
median fin as already stated (Woodward, 
1892; Norman, 1935, 1947). 

Kerr (1919, p. 443-453) discussed the two 
theories most widely held up to that time— 
the “Gill-septum Hypothesis” of Gegen- 
baur (1872) and the ‘‘Lateral-fold Hypoth- 
esis’ of Balfour (1878). He gave reasons 
for discarding both those theories, and from 
his studies of primitive fishes he advanced in 
their place the theory he had previously 
proposed (Kerr, 1907, p. 274-5), viz., that 
the paired fins are derived from external 
gills. These were known to occur in Polyp- 
terus then included in the Crossopterygii 
(and which later Goodrich claimed as a 
Palaeoniscid), in two of the three known 


Dipnoi (Lepidosiren and Protopterus) and in 
Amphibia; apparently no other typical oc- 
currence has since been discovered. Kerr 
concluded that external gills are ‘‘organs of 
high antiquity in the vertebrate stem’; 
that ‘“‘an external gill was once present on 
each visceral arch’’; that these originally 
“extended tailwards beyond the _ limit 
reached by the branchial region of existing 
vertebrates”; further that being also ‘“‘po- 
tential organs of support” and “potential 
organs of movement”, ‘‘they possess the 
qualifications . . . for the evolutionary fore- 
runner of the vertebrate limb.” Later (1921, 
p. 391) he suggested that two single pairs of 
external gills had given rise to the pectoral 
and pelvic fins. 

This is an interesting theory. The writer 
accepts the early statements quoted, for on 
his view external gills characterised all the 
normal segments of the primitive arthropod, 
and were inherited by the evolving verte- 
brate, but he believes that the paired fins 


‘ had quite a different origin. 


The theory here put forward proposes 
that the paired fins were directly inherited 
from the pleura of the prot-arthropod, 
which in turn had inherited them from 
foliate lobes of the notopodium of the poly- 
chaete. The evidence for the lateral ‘“‘fin- 
fold,’’ a pure invention, equally supports 
derivation from the continuous row of ap- 
pendages of worms and arthropods. Few 
who carefully compare the paired fins of the 
earliest fishes, the elasmobranchs (e.g., 
Cladoselache) and placoderms (Acanthodii), 
the ventro-lateral ‘“‘scales” of cephalaspids 
and the anaspid Endiolepis (Stensié 1939), 
the pectoral and succeeding spines of 
Lasanius and other Anaspida, the pleura of 
trilobites and the paddles of the polychaete 
will doubt their homology. Such structures 
extend no farther rearward than the anus, 
for the forward shift of position of the anus 
was connected with a change of function :of 
the posterior part of the body. Special func- 
tions in locomotion led to the replacement of 
appendages and the gaps between them by 
the even surface of the tail. In the ‘‘fish’’ the 
pleura migrated ventrally, as is indicated 
by the oblique line of the gill apertures in 
Anaspida. Behind the anus the pleura of the 
two sides have coalesced in the mid-ventral 
line, so as to form the ventral part of the 
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median fin. Only one group seems to differ: 
immediately behind the anus, the Cephala- 
spida have an extensive horizontal fin on 
either side of the caudal fin. It is covered 
with small scales, and seems to be a direct 
continuation rearward of the line of the 
ventro-lateral scales, as Heintz states (1939, 
p. 68). Therefore, by our theory each is an 
association of post-anal pleura. If this is a 
correct interpretation it supports the con- 
clusion, suggested by other facts, that the 
Osteostraci diverged very early from a pro- 
gressive line of vertebrates. Behind these 
lateral post-anal fins the ventral fin of the 
heterocercal tail is a coalescence of pleura. 

Hence the paired fins of fishes were not 
developed from parts of a continuous fin- 
fold, but from groups of a continuous suc- 
cession of originally separate segmental 
pleura, parts of segmental appendages, 
which, in the prot-arthropod, as in early tri- 
lobites (Olenellidae, Paradoxidae, and many 
others), were still moved by muscles, and 
which in the ancestral polychaete (as in 
modern Phyllodocidae) by rhythmically 
beating the water, were useful in locomo- 
tion. Indeed, in the ancestry of the Osteo- 
straci, Elasmobranchii and of all the higher 
fishes there is no reason to believe that they 
ever ceased to be moved by muscles or to be 
useful in locomotion or balancing. This view 
is in marked contrast with all others, e.g., 
with that of Young (1950, p. 30) and that of 
Heintz and others, discussed below. 

Within fishes, using the term in the widest 
sense, we find extremely varied development 
of the “pleura.”” In cephalaspids, which 
probably separated from the anaspid stock 
very early, each normal segment bears a 
pair. They are relatively unmodified, and 
form ventro-lateral supports when resting 
on the bottom, and probably paddles when 
swimming, with the exceptions above men- 
tioned. The same appears to be the case in 
the anaspid Endiolepis (Stensié, 1939). In 
other Anaspida they are extensively sup- 
pressed, but a relatively anterior pair is rep- 
resented by the pectoral spines, which are 
followed in some forms by a series of pro- 
gressively diminishing spines. In the Cyclo- 
stomata (Petromyzontia and Myxinoidea) 
they are entirely suppressed. 

In the placoderm Acanthodii we have a 
condition which suggests that in its many 


segmented ancestors there were periodic 
specialisations of groups of pleura into peri- 
odic pairs of fins. What might well deter- 
mine the number of these pairs of fins would 
be the number of half-wave lengths in the 
undulatory motion of the fish. All but the 
most anterior and most posterior pairs were 
undergoing suppression, which suggests that 
this periodic specialisation preceded a great 
shortening of the body to a single wave 
length, when all but the pectoral and pelvic 
fins had become degenerate. The fact that 
these degenerate pairs occur only in the 
Acanthodii might be due to the persistence 
of the massive spines associated with the 
fins in this order. This view is supported by 
the fact that no fin web is associated with 
the intermediate spines. 

This consideration suggests that the un- 
known early vertebrates were proportion- 
ately very long bodied; above it has al- 
ready been claimed (section 7) that they 
had great numbers of segments. In the 
Elasmobranchii and in the bony fishes only 
the pectoral and pelvic paired fins appear in 
known forms, and these are possibly, indeed 
probably, as suggested by the Acanthodii, 
the foremost and hindmost members of a 
series, of which only these survive owing to 
shortening of the body in the acquirement of 
the optimum proportionate length. 

Goodrich (1930, p. 131, fig. 143) describes 
and figures the segmentation in a 19 mm. 
embryo of the dogfish, and the innervation 
of the lateral and dorsal fins in the adult. In 
the embryo the muscle buds are much more 
numerous than in the adult suggesting the 
primitive condition when they were devel- 
oped throughout the body. By our theory 
the dorsal fins are vertebrate extensions of 
the segments, whereas the paired fins are in- 
herited annelidan extensions. In the adult, 
according to Goodrich, the pectoral fin is 
innervated by the spinal nerves numbered 1 
to 13 and the pelvic by nos. 25 to 35, whereas 
the 1st dorsal is served by nos. 25 and 43 and 
the 2nd dorsal by nos. 44 to 57. Each paired 
fin on our theory is a coalescence and con- 
centration of the pleura of the numbers of 
segments indicated, respectively 13 and 11. 
In the 19 mm. embryo, however, concentra- 
tion has begun in the pectoral but not in the 
pelvic; in the dorsal fins too, concentration 
has hardly begun; but in the adult a quite 
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surprising concentration of the muscle buds 
and nerves is indicated. The concentrations 
are all related to the evolution of swimming 
efficiency as discussed in part by Harris. The 
shortened bases of the paired fins allow of 
rotation towards transverse positions. 

The functions of the paired fins have prob- 
ably always been complex. In the elasmo- 
branchs, heavier than water, the pectorals 
act as vol-planes opposing gravity and lift- 
ing, or depressing the fish, while body and 
tail effect propulsion, the tail also effecting 
lift of this part. The pectorals also function 
as brakes in stopping and in turning. In 
the Actinopterygii in very slow swimming 
the pectorals act as paddles. With the 
pelvics they act as brakes; and according to 
Harris it is in connection with this function 
that the pelvics have, in more advanced 
forms, migrated to the front. On the other 
hand, in rapid swimming both pairs of 
paired fins are held close to the body so as 
not to reduce speed by friction and eddies. 
In teleosts, of about the same density as 
water, the most important function of the 
pectorals is to maintain balance necessitated 
by the low position of the air bladder and 
the high position of the backbone. In the de- 
ployment of the fishes the function of the 
fins has changed enormously, but it is too 
big a question to be dealt with here. It has 
been investigated by Breder, Gray, Harris 
and others. 


20. PECTORAL AND PELVIC GIRDLES 


The paired fins articulate with the pec- 
toral and pelvic girdles, and the pectoral 
girdles are, in some primitive fishes, so com- 
parable in form and position with the skele- 
tons of the branchial arches, as to suggest 
that they are serially homologous with 
them, e.g., in Pleuracanthus sessilis Jordan 
(Moy-Thomas & White, 1939, fig. 3) or 
Pleuracanthus decheni (Goldf.). This was 
noted by Gegenbaur, who also believed that 
the girdle was a branchial arch. It is, never- 
theless, much more substantial than a 
branchial arch, which reminds one of the 
contrast between the jaws and the normal 
gill arches. But if we study what appears to 
be the most primitive known example of a 
pectoral fin, that of Cladoselache, it gives the 
impression that the supporting cartilages 
are a coalescence of several separate, origi- 


nally parallel bars. Hence the conclusion 
follows that not only does the fin represent 
several pleura, but the girdle, likewise, 
represents a coalescence of several append- 
ages that are now represented by branchial 
arches, 

In the case of the pelvic girdle, the pre- 
sumably greater degeneration which has 
taken place prevents us from making close 
comparisons with the gill arches. One can 
scarcely question the serial homology be- 
tween the pectoral and the pelvic girdles. It 
follows, therefore, on the view here ad- 
vanced, that a number of the complex ap- 
pendages of the prot-arthropod, and there- 
fore also of the ancestral polychaete, con- 
stituted the prototype of each limb of the 
vertebrate. Furthermore, these limbs point 
back to the time when the gill arches and 
pleura extended all the way between mouth 
and anus, and indeed at first all the way to 
the posterior end of the body. 

It should be noted too, that by this theory 
in which the appendages preceded the evolu- 
tion of myotomes there is no difficulty in cor- 
relating gill arches and limb girdles (Good- 
rich, 1930, p. 129). 


21. VASCULAR SYSTEM OF THE 
VERTEBRATE 


The vascular systems of the annelid and 
of the vertebrate are often contrasted 
(Young, 1950, p. 47). The polychaete has 
typically a main vessel dorsal to the gut, in 
which the blood moves forward, and a main 
vessel ventral to it, in which it moves rear- 
ward. By contrast, even the most primitive 
chordate, Amphioxus, has the dorsal or 
vessels, in which the blood moves rearward, 
and the main ventral vessel in which it 
moves forward. Apparently, the circulation 
in Amphioxus moves the opposite of that in 
the annelid. This fact supports the claim for 
reversal of surfaces. But since by Gaskell’s 
and by the present theory the vertebrate gut 
is an entirely new one, quite different from 
that of the annelid ancestor, and since by 
our theory the ancestral annelid gut has en- 
tirely disappeared from the vertebrate 
leaving hardly a trace behind, the circula- 
tions in the two are not immediately com- 
parable. In the writer’s opinion, the main 
dorsal vessel of the polychaete is not repre- 
sented in the vertebrate and the main ven- 
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tral vessel which one might expect to occur 
between nerve cord and notochord is also 
absent there. 

It should, however, be noted that in the 
pharynx of Amphioxus, where there are gill 
slits and where, therefore, it is more primi- 
tive than posteriorly where these are ab- 
sent, the dorsal aorta is double, and prob- 
ably was originally double for the whole 
length. Though now this aorta is below the 
level of the notochord and, except in 
Amphioxus, is a single vessel, it seems prob- 
able that originally there were a pair of 
vessels lying at the sides of the notochord, 
somewhat asin Amphioxus where the pair lie 
on either side of the hyperbranchial groove 
of the pharynx. It is therefore suggested that 
they have shifted down somewhat, and have 
become united into or reduced to a single 
vessel. Hence on our theory the dorsal aorta 
of the vertebrate represents the ventral 
vessel of the worm, which likewise was 
double, the two being separated by a median 
mesentery. The positions of these vessels 
are comparable, and in them the direction of 
the circulation is the same. Below the gut in 
the vertebrate the longitudinal system is 
obviously by our theory quite new, for in the 
ancestor this part of the body was repre- 
sented only by separate pairs of appendages. 


22. FRESHWATER ORIGIN OF VERTE- 
BRATES AND ITS WIDESPREAD 
CONSEQUENCES 


Incidentally a part of this subject has 
already been discussed above under The 
Heterocercal and Hypocercal Tails of Early 
Fishes. 

It has often been supposed that the 
Vertebrata must have arisen in the ocean 
(Young, 1950, and many others). But that 
they arose in fresh water is indicated by 
many facts. Berrill (1955) agrees with the 
present author in this. Had the early verte- 
brates been marine, they could hardly fail 
to appear abundantly in Cambrian, Ordo- 
vician and Silurian marine deposits, which 
contain representations of the marine life of 
those periods, for in the Lower and Middle 
Ordovician there were ‘“‘fish” with good 
skeletal parts (Miller and others, 1947; 
Bryant, 1936). They are fragmentary, and 
are here ‘interpreted as freshwater forms 
transported into marine deposits. But we 


know very little of the fishes till towards the 
closing stage of the Silurian; and it is in the 
fresh water deposits of the Old Red Sand- 
stone, not the marine Devonian, that they 
first appear in strength. The fossil record of 
the early fishes is almost limited to what we 
might call the North Atlantic continent or 
“Laurentia,” the early fossils coming as 
they do from the countries on both sides of 
the North Atlantic. From their size, organ- 
isation, and their great variety, it is evident 
that they had already had a very long his- 
tory; for by the Middle Devonian, all the 
Palaeozoic subclasses of fishes, no less than 
13 in number, and amphibia also had ap- 
peared. That different classes had been 
evolved in different regions is suggested by 
the successive appearance of new types, the 
origin of which we cannot trace. Perhaps 
they came in successive invasions. The 
Elasmobranchii are not known before the 
Upper Devonian. 

On this freshwater origin, in the writer's 
view, very much has depended.'! As above 
claimed, it led to the continuous evolution 
of swimming capacity until lakes were 
reached, and there it conditioned the evolu- 
tion of the heterocercal tail. Later, when the 
climate became arid it determined the evo- 
lution of the lungs, and through them later 
the successive conquest by the vertebrates 
of the land and of the lower air. The same 
change of climate towards aridity may be 
held responsible, as the writer believes, for 
the retention of external gills in the forms 
already mentioned. The yearly changes to 
marsh or drought would determine the evo- 
lution of the Dipnoi; and the fouling of the 
water due to those conditions may have 
favoured the retention of external gills. 

Besides being of supreme importance for 
the evolution of the higher vertebrates, the 
evolution of lungs was also of immense im- 
portance for the fishes themselves. It en- 
abled them to be of the same density as the 
medium in which they lived. The still fur- 
ther evolution of the lung into an air bladder 
within the Actinopterygii has given these 
the freedom of the various depths of the sea 
as well as of fresh waters, has caused the 
pectoral fins to acquire a new function as 


! The vertebrate kidney has been referred to it 
(Young, 1950, p. 79-80). 
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balancers, and has led to vast deployment 
within the class. The evolution of the swim- 
bladder was succeeded by the evolution of 
the homocercal tail. Fish, which had pre- 
viously lain on the bottom when resting, 
possessed heterocercal tails. But thanks to 
the new freedom a much more efficient tail 
for simple forward propulsion and turning 
was gradually acquired; and all stages in its 
evolution are visible in fossils. Further, it is 
still represented in the ontogenies of many 
fishes. Kerr (1921; 1926) gives the best ac- 
count known to the writer of the develop- 
ment and evolution of the lungs and air- 
bladder. ’ 

Since this was written the paper by Romer 
& Grove on the Environment of the Early 
Verbebrates has been noted. Their conclu- 
sions (1935, p. 851-4) are as follows: The 
fishes arose in fresh water. The ostracoderms 
remained in this to the end of their history, 
for the exception that they mention (Phyllo- 
lepts, p. 851) should have been placed in the 
arthrodires. The Acanthodii and the other 
placoderms also remained there, except cer- 
tain arthrodires and ptychodonts which 
migrated to the sea in the Devonian, as also 
did the Chondrichthyes. The Crossopterygii 
and Dipnoi have stayed in fresh waters but 
Dipterus is said to have become adapted to 
marine life in the Upper Devonian. (But of 
this perhaps we should remain in doubt.) 

The Actinopterygii appearing in the 
Upper Devonian are poorly represented, but 
were destined to dominate in the Mesozoic 
seas. 


23. SIGNIFICANCE OF Amphioxus 
AND THE OTHER LOWER 
CHORDATES 


Of the other Chordata only the Cephalo- 
chorda (Amphtoxus, etc.) are closely com- 
parable with the true higher vertebrates. 
But the tunicates have by so many been re- 
garded as our ancestors, that their status on 
our theory should be considered. 

The most primitive chordates such as 
Amphioxus and the other sub-chordates are 
kept primitive through early degeneration. 
This is directly opposed to recent expres- 
sions of opinion (Young, 1950, p. 24,47,72, 
78; Berrill, 1955). The position of Amphi- 
oxus in the present theory will be obvious. 
It presents a combination of primitive and 


527 


degenerate characters. Not only is it degen- 
erate in the adult mode of life, but its ex- 
treme asymmetry in larval stages points, 
according to most later writers, to a degen- 
erate stage in its ancestry, when the adult 
lay on one side, instead of continuing nec- 
tonic. It is degenerate in other ways. It re- 
tains several features of a very early stage of 
vertebrate evolution, those already men- 
tioned (sections 5, 6) and others including 
segmental gonads, nephridia and dorsal 
nerves, the latter derived direct from sen- 
sory cells as given by de Beer (1947, p. 18). 
But among the primitive features mentioned 
by him the absence of special head, brain 
and paired limbs should not be included, be- 
cause in all these features it is degenerate. 
Amphioxus lost the parts mentioned at the 
same time that, owing to its burrowing 
habits, it extended its notochord to the 
anterior tip of the head, and coalesced its 
pleura into metapleural folds. Young (1950, 
p. 78), as did Haldane & Huxley (1927, fig. 
81a,b), included, as novelties introduced in 
the Chordata after the Amphioxus stage, 
the head, brain and sense organs as well as 
paired fins. Berrill on the contrary regarded 
the lack of brain and sense organs as the re- 
sult of degeneration. 

Of special significance is the close resem- 
blance of the nephridia of Amphtoxus to 
those of the polychaete Phyllodoce parretti 
(Goodrich, 1902, 1909). This resemblance 
very strongly supports the theory here pre- 
sented but strongly opposes the current 
view. According to Young (1950, p. 47), 
Amphioxus presents us with ‘‘the full plan of 
chordate structure as it may have existed in 
Palaeozoic time.’’ But its nephridia he re- 
gards (p. 35) “‘one of the most mysterious 
features of the organisation of Amphioxus 
[because it] does not conform to the basic 
chordate plan, nor to their invertebrate 
allies, Echinoderms, Brachiopods and Poly- 
zoa.”’ It is indeed very strongly against his 
whole theory of vertebrate origins; and the 
same applies to the theory of Berrill. 

Since Amphioxus still possesses annelid 
nephridia, it must have inherited them from 
the polychaete through the prot-arthropod, 
and its ancestor must have diverged from 
the progressive vertebrate line very early, 
even before the annelid excretory organs had 
been replaced and before vertebrate excre- 
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tory organs evolved. The divergence of 
Amphioxus was probably induced by its re- 
turn to the sea, where competition was such 
that it could only survive by hiding. 

The fact that the segmental nephridia 
open into the atrium, and the separate 
anterior ‘‘Hatschek’s nephridium,”’ similar 
to and homologous with the others, opens 
into the pharynx just behind the mouth, is 
also significant; for by the theory here de- 
veloped both of these situations were mor- 
phologically external to the body of the 
polychaete and arthropod ancestor. Goodrich 
said (1909, p. 192) that the opening of 
Hatschek’s nephridium into the atrium 
canal is to be explained. Our theory is its 
explanation. 

As to the Tunicata, they are so degenerate 
that they need hardly be considered here. 
Young however, who derives the phylum 
from a sessile pelmatozoan, believes that it 
passed through a further sessile stage as a 
fixed tunicate. Berrill’s views are near to 
these, for he derives the vertebrates di- 
rectly from the tunicate larval tadpole. But 
there is no need to put our origin quite so 
low. 

The complicated branchial skeleton of 
Petromyzon can be regarded as secondary; 
that of its ammocoete larva is much more 
simple. The complication would perhaps ac- 
company the reduction of the ‘‘gill-slits” to 
round orifices. 


24. DEPLOYMENT OF THE EARLY 
VERTEBRATES: 20TH CENTURY 
THEORIES 


Nothing better illustrates our past, if not 
our present, ignorance of the phylogeny of 
the lower vertebrates than the extreme vari- 
ety of the phylogenetic ‘“‘trees’’ that have 
been constructed to represent their sup- 
posed relationships. Dean (1895, p. 282-3) 
collected seventeen of them and added his 
own (p. 16,98,166). He avoided discussion 
of the origin of the vertebrates, but sup- 
posed that the larva of Amphioxus sug- 
gested an early type. Since then, the produc- 
tion of phylogenies has continued, though it 
fell off through discredit. Lately, however, 
several have appeared. Though all may be 
wrong, they are useful if only to indicate at 
a glance the writers’ opinions. 

Before and at the beginning of the cen- 
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tury there was already a general consensus 
of opinion that the cyclostomes were the 
lowest of fish-like animals, and that the 
elasmobranchs lay near the root of the 
gnathostomes. Balfour (1880) expressed 
this latter view, which was also that of 
Rabl (1889), Haeckel (1893), Dean (1895) 
and Smith-Woodward (1892, 1899). The 
ancestral elasmobranch Dean places far 
back in Precambrian time (p. 98), and the 
ancestral teleostome (p. 166) is also placed 
similarly early. At that time the ostraco- 
derms were presumed to include the Anti- 
archi, the elasmobranchs the Acanthodii, 
and the dipnoi the Arthrodira. 

During this century owing to exhaustive 
researches using several new techniques, 
views have greatly changed. Knowledge of 
the ostracoderms has been enormously ex- 
tended by Stensié, Kiaer, Heintz, White, 
Robertson, and many others. Stensié was 
able to show how very close were the com- 
parisons that could be instituted in the 
crania of cephalaspids and Petromyzon, 
thus proving their close relationship. He 
also did much to establish the Placodermi as 
distinct from the Elasmobranchii, and in- 
cluded in it the Antiarchi. Heintz, Broili, 
Gross, Watson and others built up our 
knowledge of this great armoured fossil 
group. Then Watson (1937) claimed that 
the gnathostomes exhibit two grades in de- 
velopment of the mouth, and he distin- 
guished a new and lower subclass of gnatho- 
stome, the Aphetohyoidea, of which the 
Acanthodii are the most primitive, and in 
which the mouth skeleton is constituted 
only by the mandibular arch without the 
association of the hyoid. Into this subclass 
he gathered orders which at the beginning of 
the century were widely spread—the Acan- 
thodii from the Elasmobranchii, the Anti- 
archi from the Ostracodermi, and_ the 
Arthrodira from the Dipnoi; and his claims 
have been generally accepted. 

Watson (1937) would derive the Apheto- 
hyoidea from an agnathous ancestor, and 
from the former would derive all the higher 
gnathostomes which include the Chondrich- 
thyes or elasmobranchs and the Osteich- 
thyes from which arose all the tetrapods. 
The origin of the last has also been a sub- 
ject of constant research by many. This 
view of the deployment of the vertebrates is 
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very widely held and is combined with the 
popular theory of derivation of the stock 
from the echinoderms, and with dates of 
origin of ‘the groups based on their appear- 
ances in the known palaeontological record. 
The four latest phylogenies known to the 
writer are all of this character, namely, 
Romer (1933, 1945), Heintz (1939), Gregory 
(1950) and Young (1950). They all contrast 
greatly with the views of Dean (1894) as 
well as with those of the present writer. 
Dean appears to have assumed that the 
vertebrates evolved in the sea. He did not 
attempt to derive them from any inverte- 
brate, and he relegated the deployment of 
the divisions which he recognised to Pre- 
cambrian time. Contrast this with any of 
the four mentioned. 

According to Romer’s ‘‘Family tree of in- 
vertebrates and lower chordates’’ (1933, 
fig. 11; 1945, fig. 12) two trunks arose from 
the coelenterates, the one yielding in suc- 
cession flat worms, rotifers, molluscs, an- 
nelids and arthropods, and the other yield- 
ing in succession ‘‘round worms’”’ (presum- 
ably Nemertea: Hubrecht, 1883; Lankester, 
1910), echinoderms, acorn worms (Enter- 
opneusts), Amphioxus, tunicates and verte- 
brates. Amphioxus is represented as pro- 
gressive but the tunicates as retrogressive. 
A further tree of Romer’s (1933, fig. 12; 
1945, fig. 13) represented the Agnatha as 
yielding the three subclasses of gnatho- 
stomes in the Silurian. This is very similar to 
a “tree” by Haldane & Huxley (1927), who 
gave a single trunk from Coelenterata in 
place of Romer’s two. 

A paper by Gregory (1950) is interesting. 
He states (1950, p. 166) that ‘‘the supposed 
homologies of arthropod cephalic append- 
ages with vertebrate gill arches rest on no 
good evidence.’”’ He derives the chordate 
stem in closest association with Echinoder- 
mata and Brachiopoda from Coelenterata in 
Precambrian time; whereas another, but 
most contrasted, branch from the coelenter- 
ates divides, also in the Precambrian, into 2 
branches, the one further subdividing into 
Onychophora, Annulata and Mollusca, the 
other into Crustacea, Trilobita and Mero- 
stomata. In his system, the Onychophora in 
Ordovician-Silurian time give origin to the 
Myriapoda and Insecta! The arthropods are 
there represented as diphyletic, in which 


one part only is associated with the Annu- 
lata. The single chordate stem in the Middle 
Cambrian Gregory divides into Protochor- 
data, Ostracodermi and Gnathostomata. 

Young too (1950, p. 75,170,228), though 
he is not concerned with the annulates and 
arthropods, gives detailed phylogenetic 
trees of the chordates and related groups of 
animals. Up from their common ancestor 
back in the Precambrian came the asso- 
ciated stocks of the Chordata and Echino- 
dermata, Polyzoa and Brachiopoda. The 
Chordata divided only in the Upper Cam- 
brian into the Tunicata, Cephalochordata 
and the Agnatha which gave off in the 
Ordovician the gnathostome branch, so that 
the Acanthodii date from the Ordovician 
and the elasmobranchs date from the Silu- 
rian. But Young’s origin of the chordate 
line has already been given (see sections 2, 
8, 23). 

These phylogenies are obviously based 
largely on the known fossil finds, as if the 
finds indicated adequately the life of the 
past and as if no time was required for the 
evolution of a new type before its appear- 
ance. To these four repetitions of both the 
popular zoological theory and the palaeon- 
tological theory, the one here advanced is 
greatly opposed. It is recognised by zoolo- 
gists and palaeontologists that the different 
classes of ‘‘fishes’’—the Cephalaspida, Ana- 
spida, Pteraspida, Aphetohyoidea, Chon- 
drichthyes and Osteichthyes—are all strong- 
ly contrasted with one another, without any 
known intermediate forms (Moy-Thomas, 
1939, p. 1). The intensive work on them this 
century in so many lands has not at all filled 
up the great gaps between them. The char- 
acters that they have in common are de- 
rived from organs which they all inherit 
from their annulate or prot-arthropod an- 
cestors. These ‘“‘fish’’ classes all evolved in 
river basins (contrast Young, 1950, p. 125). 
These, even when neighbouring, were not in 
communication with one another. They 
entered the common ocean from different 
stream mouths, and, except that neighbour- 
ing basins lost and gained relative to one an- 
other, they remained distinct for an exten- 
sive geological time. If our theory of origin 
of the vertebrates be accepted, the marine 
ancestors of the vertebrates can be ex- 
pected to have invaded the land waters by 
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several river mouths. But the environments 
in the waters of those different drainage 
basins would differ very much more than 
would the ocean off their mouths, both in 
temperature and in mineral content, and 
therefore also in life. To these different en- 
vironments of different river basins, intensi- 
fied by effects of geography, latitude and 
time, we can best attribute the divergences 
which the early fishes exhibit. In many 
cases their characters were developed under 
very limited competition; only after geo- 
graphical changes had put river basins into 
communication with one another would 
they be able to invade new areas and come 
into competition with the indigenous faunas. 
To this we can attribute the successive in- 
vasions of new types into the known fresh- 
water deposits of the Devonian. 

Not only do palaeontologists and, follow- 
ing them, zoologists accept the known ap- 
pearances of different fishes as the order of 
their evolution, but following Jaekel and 
Stensié they claim that bone is especially 
primitive in fishes and that in those that 
are devoid of bone, like the modern cyclo- 
stomes and the Chondrichthyes, the primi- 
tive bone of the ancestors has been lost. For 
such a view there is hardly sufficient reason. 
Asa rule a fossil fish is found because it had 
a resistant and durable skeleton, external or 
internal or both. Had it not had a skeleton 
it probably would not have been fossilised. 
In early times there were probably far more 
fishes without strong skeletons than with 
them. Jamoytius, described by White (1946), 
is one example; the Coelolepida are others. 
We can well imagine that from a soft fish 
the Chondrichthyes were evolved in a river 
basin, the water of which had very little 
lime; and once evolved, they did not later 
diverge appreciably in this respect. In some 
other basins with abundant lime the secre- 
tion of lime salts would be favoured and 
bone was developed. This was especially the 
case in benthonic forms where the exoskele- 
ton may well have had survival value as 
Romer (1946) suggested. As above stated, 
explanations of the abundance of bone in 
early fishes have been advanced by H. W. 
Smith and Berrill (see section 18). 

In opposition to Gregory, who regards the 
pteraspids as ‘“‘amazingly primitive fishes,” 
the writer claims them as highly specialised 


Agnatha. Because Heterostraci first appear 
in the Middle Ordovician, they suggest an 
antiquity for the Agnatha extending back 
well before the Cambrian. And if the rela- 
tions between Agnatha and Gnathostomata 
are as above claimed (see section 16), the 
different types of the latter have also prob- 
ably a correspondingly great antiquity, as 
Dean represents. The writer thus believes 
that Dean was right in this; also that 
the ancestors of all these different main 
branches of the vertebrates entered the 
land waters in Precambrian time, and re- 
quired a long time for evolution before 
their first known occurrences. The lack of 
competition between the inhabitants of 
different river basins was probably an im- 
portant factor in the evolution of so many 
contrasted types, and especially of the 
armoured benthonic forms. 

A theory which involves the evolution of 
the Palaeozoic vertebrates has been ad- 
vanced by Heintz in his paper, ‘‘How the 
Fishes learned to Swim”’ (1935); and it has 
been supported successively by Gregory & 
Raven (1941) and by Westoll (1945). De- 
rived from study of the armoured ostraco- 
derms and placoderms, it claims that all the 
higher chordates were derived from ‘‘tad- 
pole-like’’ forms, and that they evolved 
swimming organs largely in Devonian and 
later times. Starting with the Agnatha: in 
the Osteostraci Heintz sees a progressive 
line from Tremataspis, his most tadpole-like 
form, through Ktaeraspis to Cephalaspis, 
and he contrasts these with the Anaspida 
which were good swimmers. He claims that 
successive Osteostraci exhibit reduction in 
weight of armour. Similar changes are 
claimed for the Pteraspidomorphi. Again in 
the Arthrodira (primitive gnathostomes) he 
traces a series of forms improving in swim- 
ming organs, in body-form and in reduction 
of armour; and he states, ‘‘This group also 
starting from typical bottom forms gradu- 
ally conquered the ocean and learned to 
swim.” Further, after specifically extending 
his theory to the teleostomes, he adds that 
“the oldest fish-like forms and fishes were 
primarily bottom-living,’”’ and ‘‘were not de- 
rived from free-swimming ancestors.” 

These views were extensively repeated in 
his review of the early vertebrates (Heintz, 
1938). They are largely based on those of 
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Stensié, who, finding that the bony head of 
Cephalaspis proved to be closely comparable 
in anatomy with that of Petromyzon, and 
especially its larva Ammocoetes, and im- 
pressed also by the bony shields of the 
placoderms, claimed that in vertebrates 
bone was an especially primitive skeletal 
material, and had been reduced, and indeed 
lost in such descendants as the modern 
lamprey. This view, it was thought, was 
supported by the reduction in the amount of 
bone in the geological history of cephalas- 
pids, pteraspids, placoderms and _ fishes. 
Regarding the origin of the chordates, 
Heintz espoused the popular view (1938). 


25. HEINTZ THEORY AS ELABORATED 
BY GREGORY & RAVEN (1941) 


Gregory & Raven (1941) wholeheartedly 
adopt the Heintz theory, but they elaborate 
it and extend it back to the origin of the 
vertebrate, so that it becomes almost di- 
rectly opposite to much of the writer's 
sketched above. Their views are given in the 
quotations below. Gregory too had already 
espoused the popular view as to the origin 
of the vertebrate (1936), and elaborated it 
in 1950. 

“The earliest chordates ... were somewhat 
dorso-ventrally compressed, clinging to a 
rocky bottom and sucking in small food by 
respiratory action of the throat.’’ ‘The 
ostracoderms were the diversified descend- 
ants’ (Gregory & Raven, 1941, p. 290). 
Among these, the Anaspida were ‘“‘fish-like 
derivatives of the cephalaspid stock”’ (p. 
283). 

The Anaspida display the beginnings of 
paired fins (p. 276): “‘both the pectoral and 
the pelvic fins were part of a series of paired 
projections (spines) which may at first have 
enabled the fish to cling to the rocky bottom 
of fresh-water streams”’ (p. 283). 

“Paired fins had begun to develop as 
horizontal ridges, and the position of the 
future endoskeletal shoulder-girdle was al- 
ready determined by the transverse septum 
behind the pericardium”’ (p. 283). 

Ostracoderms gave rise to the gnatho- 
stomes (p. 276). ‘The pteraspid ostraco- 
derms, with well-armored cephalo-thorax, 
instead of being aberrantly specialised, are 
really amazingly primitive fishes: that from 
their cephalo-thoracic shield, or something 


fundamentally like it were derived the 
dermocranium and the dermal pectoral 
girdle of all later fishes’ (p. 337). 

“The covering plates of the pectoral 
girdle of placoderms and true fishes have 
been derived by reduction from the thoracic 
armour of ostracoderms, just as the cover- 
ing plates of their skulls have been derived 
from the cephalic plates of ostracoderms” 
(p. 276). 

Gregory & Raven accept Heintz’s view 
that acanthaspids are primitive among the 
Placodermi and claim the same armoured 
condition as primitive for the true fishes 
(p. 276). 

“‘Median and paired fins were developed, 
especially as an aid in free-swimming, pre- 
daceous habits. A primitive sort of paired 
pectoral fins . . . was evolved among Cephal- 
aspidomorphi”’ (p. 290). 

“Among the earliest gnathostomes the 
metameric muscles early pushed their way 
into the base of the paired and median fin 
projections” (p. 291). It seems probable 
that these “were not continuous ‘fin-folds’ 
but nodally placed, compressed ridges 
strengthened anteriorly by denticles or 
scales which often coalesced into fin spines”’ 
(p. 290). 

“In the evolution of pectoral fins the 
exoskeletal parts of the primitive fin pro- 
jections, including spines and dermal rays of 
various types, to some extent preceded the 
development of radial rods” (p. 337). 

“The ‘tri-basic’ pectoral, with fan-like 
base,...is the primitive type for all 
gnathostome fishes’ (p. 337). ‘“‘The long- 


based ‘orthostichous’ pectoral [of]... 
Cladoselache ...has been derived from a 
more normal, short-based, tribasic type” 
(p. 291). 


Regarding the origin of the shoulder 
girdle they finally conclude ‘‘that the so- 
called cartilaginous shoulder girdle is... 
merely a median process of the basal carti- 
lages of the pectoral fin, just as the pelvic 
rods represent medial processes from the 
base of the pelvic fin’’ (p. 337). 

Westoll also fully supports Heintz in re- 
gard to the evolution of swimming capacity 
in Osteostraci and in placoderms; and in 
part extends its application to the Acan- 
thodii. 

Describing a new cephalaspid, Hemitele- 
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aspis heintzi Westoll he suggests (1945a, 
p. 356) that the lateral and dorsal fields of 
the osteostracan head-shield are not electric 
organs (Stensié), but sensory organs, prob- 
ably receptors for vibratory stimuli. And he 
claims that the cephalaspid bony exoskele- 
ton with the possible exception of a super- 
ficial layer of denticles was ossified only at 
full growth. In this connection he suggests 
(p. 356) ‘‘that Cephalopterus paget Powrie, 
long regarded as a species of the Coelolepid 
Thelodus, is probably an ‘unossified’ Cephal- 
aspid.”’ Also, following Zych, he applies the 
same idea to Heterostraci (p. 348, 354), and 
sees in some more fusiform species of 
“Thelodus” unossified pteraspids. 

Westoll (1945a, p. 350) regards ‘‘Tremat- 
aspis and Dartmuthia as phylogenetically 
primitive forms which had not developed 
paired fins,” and he suggests two possible 
trends of evolution by the posterior part of 
the great shields becoming broken up into 
moveable segments and moveable pectoral 
fins, both leading to Cephalaspis. He sees in 
the cornua of the latter’s head shield the 
analogue of gliding planes and in the move- 
able pectoral fins landing flaps (‘‘ailerons’’). 
And he doubtfully suggests (p. 351) that in 
Tremataspis the lateral fin folds are in statu 
nascendt. 

In his second paper of the same year 
(1945b, p. 383) Westoll states that Heintz 
was thoroughly justified in his contention 
that mobile pectoral fins were developed 
within the Arthrodira; and after reviewing 
other groups he states (p. 395) that the evo- 
lution of mobile controllable paired fins 
from stiff-jacketed structures has taken 
place independently in Aca:thodii and 
Placodermi and in the latter independently 
in Brachythoraci and Rhenanida and simi- 
larly in cephalaspids. Westoll further sug- 
gests that paired fins may have arisen in- 
dependently in several different groups of 
early vertebrates, and that some pteraspido- 
morphs never acquired them. 


26. DISCUSSION OF THE HEINTZ 
THEORY AS ELABORATED BY 
GREGORY & RAVEN AND BY 

WESTOLL 


It is well to try to realise the essential 
dynamics involved in the life of the differ- 
ent kinds of primitive ‘‘fish’—in other 
words their adaptations to their physical en- 


vironment. The author has above (section 
2, 3, 14-17) worked out the derivation of the 
organs of locomotion, but he has not fully 
discussed the bearing of the absence or pres- 
ence of a swim-bladder. As _ vertebrates 
arose, the writer still believes, in fresh 
waters, the effect of the greater density and 
composition of the ocean can here be 
ignored. 

In the Elasmobranchii a swim-bladder is 
absent and they must either swim or subside 
to the bottom, where they can repose. But 
owing to their specific gravity approxi- 
mating that of sea water, a very slight mo- 
tion combined with the use of their paired 
fins as ‘“‘vol planes” is sufficient to maintain 
their level. In the absence of a swim-bladder 
they are not unstable. 

Similar relations would also have pre- 
vailed in ostracoderms and _ placoderms 
(Aphetohyoidea). In those having bony 
shields, however, the density would be 
higher. Both the presence of these shields 
and their higher density must be closely 
connected with the fact that the fish are 
built for habitually lying on the bottom; 
hence, it is claimed that the armour is 
secondary not primary. 

Related to the benthonic Osteostraci 
(Cephalaspida) and within the same major 
group of ostracoderms (Monorhina) are the 
Anaspida. These had such flexibility that 
they must have already been excellent 
swimmers long before Devonian time. 
Heintz, however, puts them at a low stage 
because they lack organs of equilibrium; 
yet in the absence of a swim-bladder, they 
would not need them. They would spend 
their time swimming and resting on the 
bottom, for which latter they are supremely 
adapted by their triangular cross-section 
(Bulman, 1930) and their pectoral spin s. 
Pectoral fins are not here needed for balance, 
as they are in the higher fishes, which, 
owing to the position of their swim-bladder 
and backbone, are in unstable equilibrium 
and repose up in the water instead of on the 
bottom. Anaspida were already well fitted 
for swimming, turning, rising and sinking. 
It is suggested (section 16) that they swam 
near the surface. They may also at will have 
brought themselves to the density of the 
water by ingesting air, and may have ex- 
pelled it when they desired to sink. The 
existence of the Anaspida strongly suggests 
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that the ancestors of the cephalaspids had 
no need to “learn to swim.” In their youth 
they had already done so. 

In the Actinopterygii and Choanichthyes, 
on the other hand, we have two later devel- 
opments—the lungs or swim-bladder and 
the bony vertebrae. Owing to the fact that 
the two changes mentioned introduce a 
centre of buoyancy below a centre of grav- 
ity, the fish is unstable and must maintain 
its balance by muscular action. Hence 
the pectorals acquired a new function, 
that of maintaining balance, quite a differ- 
ent function from that in the distant an- 
cestor. This is one of their main functions, 
others being stopping, turning laterally, and 
vertically; but in forward swimming except 
at the start they usually take no part, being 
held close to the body so as not to retard it. 
This view is however quite different from 
that expressed by Heintz (1935, p. 226), who 
mentions the dorsal and anal fins and fre- 
quently the ventrals as organs of equilib- 
rium, and for the pectorals mentions only 
the function of steering. 

The other general criticism which the 
writer would make is that the imperfection 
of the palaeontological record is not suffi- 
ciently considered. The writer‘claims on the 
contrary that all these forms were second- 
arily benthonic, and in some cases had lost 
the paired fins. It is possible too that the 
sharing of their habitat with the carnivorus 
eurypterids had a part in their development 
of armour, as Romer claimed. Following 
H. W. Smith and Berrill mentioned above 
(section 18), one can attribute their devel- 
opment of excessive bone to the chemical 
change from sea water to that of an upland 
lake; and one can add that perhaps in their 
case the change was too rapid for any other 
evolution. 

But in their youth they would all be good 
swimmers and any advance that any of 
these groups made in swimming is to be re- 
ferred to neoteny. In the light of the au- 
thor’s theory the significance of these 
ancient fishes for evolution is very different 
from that advanced by Heintz. 

OsTEOsTRACI. The Heintz theory is op- 
posed by the present author’s principles 
VII, VIII, [X and X (see section 3). Accord- 
ing to Heintz, evolution in the Osteostraci 
was from Tremataspis through Kiaeraspis to 
Cephalaspis, or of that type; and according 


to Gregory the Anaspida would be the fish- 
like derivative of the cephalaspid stock, in- 
stead of both being derived from a common 
very early stock. 

But the Osteostraci, highly segmented 
and the most primitive of ostracoderms, ex- 
hibit the primitive form of their segments 
between the head and tail (principle IX). 
We can assume with confidence that the an- 
cestor had a body composed more exten- 
sively of such segments, i.e., even further re- 
moved from a tadpole in form. 

In Kiaeraspis it is manifest that behind 
the cornua numerous segments have been 
added to a short Cephalaspis-like head. 
These segments have lost both their mobil- 
ity and their ventro-lateral scales or pleura; 
and it will surely be agreed that the same 
process in fuller measure is responsible for the 
proportionally great buckler of Tremataspts. 

But this suggested evolution is the oppo- 
site of that envisaged by Heintz and by 
Westoll; and evolution is not reversible. 
Subsequent to the divergence which led 
towards Tremataspis, the Cephalaspis line 
evolved its pectoral fins or paddles. From 
their position and from comparisons with 
the fins of true fishes, these were almost 
certainly initiated by the coalescence of 
ventro-lateral and _ latero-ventral scales 
which constitute pleura. Heintz (1939a, p. 
101) illustrates stages in the evolution of 
these pectoral fins within the Hemicycla- 
spinae. 

It cannot be doubted that Kiaeraspis, 
Tremataspis and others with great shields 
acquired them by the addition of the exo- 
skeletons of numerous normal body seg- 
ments with the primitive head shield. 
Westoll, however, claims Tremataspis and 
Dartmuthia with their great shields as ‘“‘phy- 
logenetically primitive forms’’ leading by 
two possible trends of evolution through 
other genera to Cephalaspis. This involves 
progressive breaking up of the shield into 
moveable segments, each of typical primi- 
tive form and furnished anew with ventro- 
lateral scales, which had previously been 
suppressed. It is entirely opposed to what 
we know of evolution. And not only this, 
but he also claims that out of the shield the 
moveable paddles of Cephalaspis were 
evolved. The writer cannot believe that 
there is any truth in the supposed osteo- 
stracan phylogenies of Heintz or Westoll. 
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If we consider how the Osteostraci must 
have lived, we can better understand their 
differences. From their shape we infer that 
they were benthonic creatures spending 
most of their time on the bottom. Neverthe- 
less, water still had to freely enter the mouth 
carrying both oxygen and food; and it went 
out by the gill openings, after suspended 
food had been filtered off and the blood in 
the gills had been oxygenated. Free channels 
must have been present for this water to 
enter in front and to escape behind. 

In Cephalaspis the bottom of the shield is 
flat or concave, with the mouth near the 
front and the paired gill openings as well as 
the mouth disposed in a large circle within 
it; hence, special provision must have 
existed for a water space beneath it. On the 
other hand, the elevated eyes suggest that 
the shield may have been habitually half 
buried in the sediment. The short shield was 
well-shaped for ploughing through the sedi- 
ment, when the creature was swimming at 
the bottom.'! The writer imagines, there- 
fore, that the necessary clear water space 
beneath the fish was made in that way, and 
the rearward channels and currents may 
have been initiated and perhaps partly main- 
tained by continuous motion of the pectoral 
fins. Perhaps this was not their only func- 
tion. Westoll suggests that in swimming 
they acted as landing flaps or ailerons. 

In Tremataspis there are no paddles; but 
the much more extensive ventral surface of 
the buckler is highly convex. Consequently, 
it seems probable that, when the creature 
settled on the bottom, its gill openings as 
well as its mouth were already exposed, and 
as there are no pectoral fins, that ciliary and 
muscular action within the cephalon were 
sufficient to maintain the currents. 

This consideration of Cephalaspis and the 
possible origin and function of its paddles 
suggests that in the ancestors of the known 
Osteostraci a function of the anterior pleura 
or fins may have been to maintain by their 
motion a rearward current on each side 
when the creature was lying on the bottom. 


1 Possibly related to this function is the fact 
that in Aceraspis the front rim of the head-shield, 
to right and left and both above and below, has 
a joint across it at the place where the width of 
the shield is half that of the full width at the 
cornua. This suggests that the section in front 
was moveable upon the rest (Heintz, 1939). 
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In Tremataspis such a function had become 
unnecessary. 

That the Osteostraci were only second- 
arily benthonic is not only indicated by the 
character of their primitive segments, but 
is strongly supported by the contempo- 
raneous existence of the related Anaspida. 

The Osteostraci in their post-cephalic 
body, composed as it is of such a great num- 
ber of similar segments, all provided with 
“pleura,” are as stated above much the 
most primitive of the ostracoderms. This 
may be attributed to their having early 
taken to a benthonic life, which, although 
causing great modification of the anterior 
part of the body, left the rest relatively un- 
affected. 

Westoll’s suggestion that they developed 
armour only after full growth is very wel- 
come. In their early larval stages they would 
have been purely nectonic. If this is proved, 
it will strongly support the present writer's 
view that the benthonic life was secondary, 
not primary, as is claimed by Heintz, 
Gregory and Westoll. 

PTERASPIDA. By our theory these are 
very much less primitive than the cephal- 
aspids, and include very highly specialised 
forms like Anglaspis and Poraspis (text-fig. 
6a-f) in which segmentation is excessively 
reduced, though in the single lines of ventro- 
lateral scales we sometimes still have ves- 
tiges of the pleura (Kiaer, 1932, p. 13, 19, 
20). For example, Pteraspis itself (text-fig. 
5a,d—g), instead of being ‘‘amazingly primi- 
tive Fishes,” are extremely specialised, as 
we find from White’s memoir (1935, p. 
440, 454). Although the fish indeed looks 
like a compound in equal parts of two very 
different animals, it is throughout beauti- 
fully streamlined. The head half is com- 
pletely armour-plated with the anterior 
half rising continuously to the front, and 
with a single pair of gill openings behind; 
the tail half, which constitutes the power 
unit, is covered with a flexible armour of 
rhomboid _ scales, whereby the primitive 
segmentation is quite masked, and the 
primitive ‘‘pleura’” are lost. Every one of 
these features indicates high specialisation. 
The hypocercal tail may have been handed 
down from surface-swimming ancestors; 
but, on the other hand, it functioned with 
the rising front to counteract the anterior 
extra weight of armour. ‘‘As suggested by 
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Zych (1931) the plates of the carapace were 
not formed until a relatively late stage, and 
at first were not in contact with one an- 
other” (White, 1935, p. 455). See also 
Poraspis (our text-fig. 6a-f). Behind the 
“head” eleven rings of scales indicate that 
further number of segments, in front of the 
more irregular scales of the tail, which 
might comprise another dozen segments. 
Each definite ring of the eleven consists 
of six scales: a medio-dorsal, a medio- 
ventral, and on each side a lateral and a 
ventro-lateral, which on each side repre- 
sents the ancestral pleuron. Instead of 
being ‘‘amazingly primitive,” it is amazingly 
specialised. 

By their form these genera are fitted 
both for swimming and for repose on the 
bottom, for, when at rest, the convexity of 
their ventral shield elevated both the 
mouth and the gill openings well up in the 
water. Because it had no swim bladder and 
was extensively encased in heavy bone; the 
pteraspid rested lying on the bottom, and 
therefore needed no pectoral fins. Their ab- 
sence, on this view, is evidence of a higher, 
not lower, grade of evolution. Great error, 
the writer thinks, results from overlooking 
the extreme imperfection of the palaeonto- 
logical record. It leads to claims of evolu- 
tionary series through the few fossil fish 
which are known. The geological record is 
extremely incomplete, and is mostly a 
record of marine conditions, whereas the 
vertebrates originated in fresh water. The 
imperfection of the palaeontological record 
is superposed on that of the geological. 
Each fossil fish is a record of fortunate 
burial, mineralisation, survival, and expo- 
sure. The vertebrate fossils of later Palae- 
ozoic time in relation to the vertebrate life 
they represent can be likened to a “drop in 
a bucket,” and those of the older Palaeozoic 
to a ‘‘drop in the ocean,” whereas those of 
Cambrian and Precambrian time are alto- 
gether unknown. The claims of Heintz and 
Westoll are open to this criticism. The 
writer does not consider their phylogenies 
logical, even those parts that are not in op- 
position to basic principles. Should there be 
truth in the Heintz phylogenies within the 
placoderms, it must be remembered that 
they did not need to “learn to swim,”’ for in 
their youth they had all done it. All that 
was needed was for swimming to be con- 


tinued into the adult life. This is equal to 
saying that they were only secondarily 
benthonic. The armoured ostracoderms and 
placoderms however were claimed by Heintz 
as primarily benthonic, and this is fully ac- 
cepted by Gregory & Raven and by Wes- 
toll. But just as the claim has been made 
above that the Osteostraci were only 
secondarily benthonic, so the same claim is 
made here for the placoderms. And similar 
arguments can again be adduced, viz., 
that: 

I. The primitive part of the body is be- 
hind the head and suggests a fish-like, not a 
tadpole-like nor an armoured, form. 

II. Placoderms were contemporaries of 
the Acanthodii, and by Middle Devonian, 
besides these, of various Crossopterygii, 
Dipnoi and Palaeoniscoidea (which except 
for their dominantly heterocercal tails, 
offer no suggestion of benthonic character). 
All of these indicate the great antiquity of 
free swimming in their ancestry. 

III. The occasional finds of soft-bodied 
chordates, i.e., with less skeleton than the 
well known Anaspida (e.g., White 1946; and 
Palaeospondylus and Thelodus) and the fact 
that the fossil fishes illustrate the evolution 
of size, suggest the existence of abundant 
small soft-bodied fishes in the Palaeozoic 
fresh waters, from which abundant types 
of fish can more easily be supposed to have 
evolved. 

Returning to the question of phylogenies 
within the fishes, Gregory & Raven claim 
that the ostracoderms gave rise to the 
placoderms and the higher fishes. Such a 
lineage is very improbable, for the arthro- 
pod appendages which, as explained above 
(section 16), became the jaws of the gnatho- 
stome, have in the ostracoderm developed 
in a very different way, and could not 
change into jaws. Again, evolution is not re- 
versible (principle X). Furthermore, the 
gnathostomes appeared so early and at that 
time already exhibited such great diversity, 
that they must have had a great antiquity. 

All four writers here discussed claim, too, 
that median and paired fins arose de novo 
within these chordates, the paired fins in 
Devonian and later time. Further, it is im- 
plied that these arose independently in 
several different orders, and this is indeed 
specifically stated by Westoll. This claim 
has already been sufficiently answered. 
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Their phylogenies have not been proved; 
and if in any lineage paired fins did appear, 
this can be attributed to neoteny. 


27. EVOLUTION OF THE VERTEBRATES: 
BRIEF REVIEW 


Evolved in the rivers of Precambrian 
time, the early aquatic ancestors of the 
vertebrates inhabited both the rivers and 
lakes of the older Palaeozoic North Atlan- 
tic continent, represented now by North 
America and Europe, where in the lake re- 
gions some evolved into tetrapods. Later, 
in the newer Palaeozoic periods, others of 
them extensively migrated to the ocean. 

Recent evidence has enabled palaeontol- 
ogists to trace extensively the evolution 
and deployment of the vertebrates through 
post-Silurian time. It reveals countless 
revolutionary changes. The successive en- 
vironments changed for the vertebrates 
their foods and habitats, and these brought 
in their train changes in locomotion, body- 
chemistry, and physiology. The vertebrate 
habitats included water, land, and air, not 
only within each but also at their mutual 
boundaries. For example, from water some 
migrated to a habitat of land and air, and 
many of these returned to water. These in- 
volved changes in locomotion, through all 
the media—water, land and air—as well as 
at their bounding surfaces. Such migrations 
are most strange, but the evidence is ample. 
In view of this, the great revolutionary 
changes envisaged in this ‘Outline’ need 
not be denied because they violate this or 
that biological principle. Nature was not 
bound by any man-made theories, and she 
has had colossal time in which to effect her 
evolutions and revolutions. 

Comparative studies in morphology, on- 
togeny, and phylogeny enable us to trace 
the evolution of the vertebrate up from the 
Protozoa through Coelenterata, Annelida, 
primitive Arthropoda and primitive Verte- 
brata to man. The course of evolution has 
been so complicated, and in so many differ- 
ent directions at different times, that na- 
ture has completely removed vast sections 
out of the ontogenies. It is perhaps because 
a great pre-vertebrate section has been 
eliminated, that it is so difficult to trace 
this great evolution. 

The theory here presented claims to indi- 
cate those characters in vertebrates and 
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lower chordates which are primitive, and 
those which are secondary or derived. If 
it is accepted as substantially correct the 
theory will lead to a complete change in 
present concepts of the early evolution of 
the vertebrate. It should also have impor- 
tant effects in zoological classification. The 
Vertebrata or Chordata should not be 
separated from the Appendiculata by the 
Echinodermata as is almost universal; nor 
by these and the Brachiopoda, Polyzoa and 
Mollusca, as is frequent. The Chordata or 
Vertebrata become the highest phylum of 
the great superphylum Segmentata. Also, 
as the lower chordates are all obviously de- 
generate, Vertebrata is a much better name 
for the phylum than is Chordata, which 
should therefore be dropped in favour of 
Vertebrata. 

It would be strange if in so complicated 
a subject no mistakes have here been made; 
but the writer hopes that his paper will be 
followed by more intensive work by others 
much better qualified and that it will lead 
to a rapid solution of a problem, which has 
long remained obscure. 

Finally, the writer would express his 
great indebtedness: first to Gaskell, whose 
book ‘‘The Origin of Vertebrates’’ he first 
read so very long ago, and who deserved 
better of posterity than he has so far re- 
ceived; secondly to those vertebrate special- 
ists who so kindly criticised the first and the 
second drafts of this paper and helped him 
to literature, namely Prof. T. S. Westoll and 
Prof. Sir J. Graham Kerr; to Prof. L. J. 
Wills, who kindly gave access to his library 
and for his criticism of the present paper; to 
Prof. A. Heintz for the stimulus of his 
papers and for allowing his excellent figures 
to be used in illustration; and lastly to a 
great number too numerous to mention who 
also find their place among the References. 
Further, to those helpers who find them- 
selves criticised, he would extend his most 
sincere thanks for their help and his most 
sincere apologies for his defection. 
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ABSTRACT—The embryology of the vertebrates resembles that of the cephalopud 
much more than that of the echinoderm. The basic structuring of circulatory, 
respiratory, renal, and skeletal system in Nautilus shows marked similarities with 
those in the vertebrates. By contrast, echinoderms lack any distinctive basic adult 
vertebrate features. The transformation from a nautiloid to a vertebrate would 
violate no known evolutionary process, and would explain the enigmatic vertebrate 
pineal eye. It is proposed that the vertebrate originated from an orthoconic nau- 


tiloid cephalopod. 





ESPITE the wide acceptance of an 
echinoderm ancestry, the problem of 
the origin of the vertebrates still remains 
one of the major “missing links’ in the 
grand panorama of the evolution of life. Of 
the three major higher invertebrate phyla 
extant in the Cambrian from which the 
vertebrates might have originated in the 
Ordovician, the molluscs, the echinoderms, 
and the arthropods, only the latter two 
have been regarded by various authorities 
as having been ancestral. In recent years, 
the weight of most scientific authority has 
definitely shifted in favor of Garstang’s 
theory (1894) of an echinoderm ancestry 
for the vertebrates largely on the basis of 
embryonic development patterns (Romer, 
1941, 1949; Young, 1950), despite Fell’s 
demonstration (1948) that the more de- 
veloped echinoderm larval forms on which 
Garstang based his hypothetical recon- 
struction are in no way primitive. 
Comparison of the anatomy of the vari- 
ous echinoderms with the classical verte- 
brate pattern casts even more doubt on such 
a linkage. For the echinoderms show no evi- 
dence of the distinctive vertebrate skeletal, 
circulatory, respiratory, and renal pattern- 
ing and have such a primitive neural and 
sensory equipment that there does not seem 
to exist any even premonitory signs of the 
later high development of these structures. 
At the same time, no chordate shows any 
evidence of the highly distinctive echino- 
derm feature of an ambulacral system. The 
echinoderm, except for its coelomic struc- 
ture and embryonic bilaterality and pat- 
ternings, seems as far removed from any 
chordate as the coelenterate it so closely re- 
sembles. 


The above marked morphological diver- 
gences must inevitably challenge the valid- 
ity of the embryonic similarities. For one of 
the major features of the evolution of the 
larger units of the animal kingdom such as 
phyla and classes consists of a marked 
morphological similarity, particularly in 
the basic visceral and tissue patterning 
between such related groups as the annelid 
worm and the arthropod, the fish and the 
bird. The marked divergence of higher evo- 
lution and structuring, as for example the 
bird’s wings, is based on a common basic 
patterning, in this instance consisting of 
fish-developed bone. 

No basic similarity of patterning is to be 
found in comparing any chordate with any 
echinoderm. For an echinoderm to have be- 
come a vertebrate, a whole new set of genes 
for the creation of basic and vital tissues 
would have to be created de novo. Such a 
radical transformation of genetic substance 
is unknown in nature wherein gradualism or 
the relatively slow transmutation of special 
structures and functions has been the 
universal rule. A fish does not have the 
genes to become a mammal, but it does 
have the genetic equipment, as demon- 
strated by its morphology, to mutate in the 
direction of an amphibian. In regard to the 
echinoderms and the chordates, the basic 
pattern is so different that it is difficult and 
impossible to visualize the transformation 
from the former to the latter. Hence, one 
is left with a sense of ‘‘spontaneous genera- 
tion’”’ of the vertebrates some four to five 
hundred million years ago. 

Despite certain resemblances such as bi- 
laterality and a metameric patterning, ef- 
forts to demonstrate an arthropod ancestory 
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for the vertebrates has by now been gener- 
ally discarded, despite Patten’s (1912) and 
Gaskell’s (1908) work on the behalf of 
Limulus. This leaves the third major higher 
invertebrate of the Cambrian, the mollusc, 
to be considered. Of the molluscs, the gastro- 
pods and the nautiloid cephalopods were 
plentiful during the Cambrian, of which the 
cephalopods underwent great evolutionary 
change during the Ordovician (Twenhofel 
& Shrock, 1935). 

Turning first to the data of comparative 
embryology, we find that the cephalopod 
mollusc bears a closer resemblance to the 
vertebrate in its basic embryonic patterns 
than does the echinoderm. Unfortunately, 
inasmuch as the embryology of the Pearly 
Nautilus has not as yet been described, the 
only material available for comparison is 
that from the higher cephalopods, the 
Sepioidea and the Octopoda. However, it 
seems proper to assume that, just as with 
other classes in the phylogenetic tree, the 
embryological patterns of the lower and the 
higher members of the same class follow the 
same basic patterns. 

The cephalopod egg is telolecithal, like 
that of all lower vertebrates, but the echino- 
derm egg is homolecithal, like‘that found in 
only the highest and most advanced verte- 
brates, i.e, mammals. Although cleavage 
in lower molluscs is spiral, that of the 
cephalopod is incomplete, as is that of the 
vertebrates. Echinoderms have a radial 
cleavage quite unlike that in any of the 
vertebrates. In regard to blastulation, 
gastrulation, and mesoderm formation, char- 
acteristics of both the cephalopod and the 
echinoderm patternings are to be found 
amid the chordates. For example, enter- 
ocoele endomesoderm formation like that of 
the echinoderm is to be found only in the 
lower chordates and not in the true verte- 
brate, whereas secondary endomesoderm 
formation, such as that in the cephalopod, 
is also found in the vertebrates. 

All in all, both echinoderms and cepha- 
lopods share an equal number of similar 
characteristics with the chordates—five 
each (Richards, 1931). However, MacBride 
(1914) quotes Lankester as describing a 
primitive streak in the segmenting egg of 
the cephalopod. Thus, from the data of 
comparative embryology as good a case can 
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be made for the molluscan cephalopod as 
the ancestor of the vertebrate as for the 
echinoderm. From egg structure and cleav- 
age patterning, a better case can be made 
out for the cephalopod. 

Garstang’s relating the lower chordates 
with the echinoderms on the basis of the 
resemblances of their larvae, implying that 
the chordate arose by neoteny, has been one 
of the main bases of the echinoderm theory 
of chordate origination. The phenomenon of 
neoteny can hardly explain the emergence 
of new forms of life, for even if the embryos 
of different phyla resemble each other, the 
genetic equipment of each directs the final 
emergence of entirely different structures 
and functions. Except in the instance of 
paedogenesis, not found amid the echino- 
derms (De Beer, 1951), it is the mature 
organism, not the larvae, which manu- 
factures germ plasm and new mutations. 
Therefore, the self transformation of an 
echinoderm larva to a lower chordate by 
moving bands of cilia seems highly im- 
probable. Mutations arise in the germ 
plasm by changing genetic patterns capable 
of manufacturing adult tissues; they are 
not produced in the  non-reproductive 
larvae. 

Neoteny can explain certain superficial 
shifts in morphology, such as the contrast 
between apes and man, as pointed out by 
Bolk (1926). It cannot explain the creation 
of new forms for this is achieved within the 
chromosomes and not after fertilization 
wherein the embryo develops the basic 
forms dictated by the genes. Many similar- 
ities may be observed between the blastula 
and gastrula of various forms of life without 
there being any indication of a direct an- 
cestry. An early human embryo looks like 
a worm, but this does not mean that man 
is descended immediately from annelids. The 
main evidence in descent must come from 
adult or comparative anatomy, because 
this indicates the tissue-creating potential 
of each organism which determines its pos- 
sibilities for progressive mutations. These 
same considerations prevent the acceptance 
of Berrill’s (1955) theory of descent from 
the ascidian tadpole. 

From the data of comparative anatomy 
and paleontology, more conclusive evi- 
dence is to be found of a nautiloid-verte- 
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brate linkage. Although the possibility 
must be recognized that anatomy of the 
modern nautiloid, the pearly Nautilus, may 
differ in details from the Cambrian and 
Ordovician orders, it would seem safe to as- 
sume that the major anatomical features 
have remained the same. The modern 
Nautilus possesses the distinctive car- 
diovascular-respiratory-renal relationships 
found universally amid the vertebrates. 
This consists of a closed circulatory system 
in which both respiration and renal excre- 
tion are accomplished through the circu- 
latory system, as compared, for example, 
with the open circulatory system of the 
arthropods wherein renal excretion and/or 
respiration are independent systems. Only 
amid the molluscs and the vertebrates is 
such a constant pattern seen. This should 
be contrasted with the complete lack of 
such developments in the echinoderm, 
which has no blood vascular system (Parker 
& Haswell, 1940). 

Two apparently peculiar features of 
lower chordates become understood if the 
nautiloid ancestry is correct. The first is 
the presence of flame cells in the excretory 
system of Amphioxus— a type of cell found 
only in molluscs and lower forms. The 
second is the drainage of the pericardium 
by renal tissue, found both in cyclostomes 
and in cephalopods. These would seem to 
be residuals of early form relationships pre- 
served in the chordates and pointing to a 
cephalopod ancestry, just as the gill slits of 
the mammalian embryo demonstrate their 
fish ancestry. 

The profound importance of a highly- 
efficient cardiovascular, respiratory, and 
renal system in effectively oxygenating the 
blood and removing carbon dioxide and 
nitrogenous waste can hardly be over-esti- 
mated. For it is on the basis of an efficient 
method for bathing the tissues with the 
necessary substances and removing noxious 
wastes that the higher tissue and organ 
integrations characteristic of the vertebrates 
may be achieved. These basic and vital 
functions, upon which all further develop- 
ments are based both embryologically and 
phylogenetically, are not likely to have 
been suddenly created in an echinoderm 
which shows no trace of such crucial func- 
tions. It takes specific genes to create such a 
system in the organism. Neither the echino- 


derm nor the arthropod has the genetic 
equipment to achieve this. Only the mollusc 
has. 

One major universal feature of the verte- 
brates is the lens eye. From the lowest to 
the highest members of this subphylum, the 
eye appears at the onset in a perfected form 
and undergoes no radical subsequent trans- 
formation except in the cases of secondary 
degeneration. This organ would seem to 
have emerged “‘full grown from the brow of 
Zeus,”” as stated by Hagedoorn (1936) in 
apparent contradiction to the general rule 
in evolution of gradual development as 
seen for example in the vertebrate ear. 
Here again, a nautiloid ancestry could ac- 
count for this apparent anomaly, inasmuch 
as gastropods, bivalves, and higher cepha- 
lopods all have developed lens eyes. This 
suggests that the eye of Nautilus may have 
degenerated from a more highly developed 
eye in the ancient orders. 

The striking parallels between the verte- 
brate eye and that of the modern higher de- 
scendants of the nautiloids, the Sepioidea 
and the Octopoda, give further confirmation 
of a linkage between the cephalopods and 
the vertebrates. Except for the differences in 
embryonic origins and the positions of the 
retinal layers, the eyes of both vertebrates 
and higher cephalopods seem more nearly 
homologous than analogous structures. 
Both have an active iris, accommodating 
lens, cornea, sclera, rods, etc. (Prince, 1956). 
Analogous structures, such as insect, bird, 
and bat wings or insect and vertebrate 
auditory apparatus, accomplish their func- 
tionally similar ends with morphologically 
different structures. Both the vertebrate 
and the higher cephalopod accomplish 
their feat of vision with an organ which has 
the same gross and microscopic structures, 
thus strongly suggesting a common origin. 

In this connection, it is to be noted that 
the central nervous system of Sepia (Ariens 
Kappers, 1929) more closely resembles the 
vertebrate brain than does that of any 
other invertebrate, having a_ three-part 
organization which brings to mind the 
embryonic vertebrate’s prosencephalon, 
mesencephalon, and rhombencephalon. The 
higher cephalopods are ‘‘active, alert, and 

aggressive’ (Schuchert & Dunbar, 1941), 
and have good vision. In these general be- 
havior characteristics they again resemble 
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the vertebrates. These contrast strongly 
with the low level of perceptual, neural, 
and muscular development found amid the 
echinoderms. 

Although in later stages of evolution, the 
vertebrates are distinguished by their uni- 
versal endoskeleton, from which their name 
derives, the first vertebrates possessed an 
exoskeleton more conspicuous than the endo- 
skeleton. Many of the first vertebrate endo- 
skeletons were cartilagenous, like that of the 
cephalopod. In Nautilus the cartilage sup- 
ports the brain ganglia, whereas in Sepia 
cartilage completely invests the ganglionic 
nerve collar so that emerging nerves pass 
through foramina as in vertebrates (Cun- 
ningham, 1910). Although a few arthropods 
also possess a cartilagenous endoskeleton, 
the exoskeleton is primarily chitinous. The 
echinoderms have no endoskeleton, only a 
calcareous exoskeleton. Only the cephalo- 
pods possess both a cartilagenous endo- 
skeleton and a calcareous exoskeleton like 
those of the early vertebrates, offering an- 
other very basic resemblance between these 
two forms of life. 

The earliest nautiloid cephalopod known 
is an orthocone or straight form (Twen- 
hofel & Shrock, 1935). Many early cepha- 
lopods possessed, instead of a broad, open, 
circular external aperture like that in 
Nautilus, a constricted aperture which 
would resemble the mouths of such jawless, 
filter-feeding forms as Kiaeraspis, Drepan- 
aspis, and Pteraspis (Romer, 1945, illustra- 
tions p. 27, 31, 32). Many of the first verte- 
brates had a relatively enlarged head area. 
If it were assumed that the posterior septal 
margins became flexible and the rear septa 
permeated with a musculature, an orthocone 
nautiloid with a constricted aperture is not 
very far removed from Poraspis with its 
segmental or quasi-septate external body 
structure (Romer, 1945, p. 31). The pre- 
servation of communication from the living 
chamber, which contains the body of the 
Nautilus, with the posterior septa through 
the siphuncle suggests the possibility that in 
earlier forms the animal extended rearward. 
It is also possible that the siphuncle con- 
stitutes the invertebrate antecedent of the 
vertebrate notochord. 

In this connection, Twenhofel & Shrock 
(1935, p. 378) state ‘‘In life the siphuncle is 
occupied by a fleshy tubular prolongation 
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of the visceral region known as the siphon. 
This fleshy tube is thought by some to 
represent a remnant from the early develop- 
mental stages of nautiloid evolution before 
the septa were full developed and when the 
visceral cone of the animal was much 
larger.” 

That the above theory of vertebrate 
origin may not be as fantastic as it would 
first seem is suggested by a homologous, or 
perhaps even analogous, process in the sub- 
sequent fin and extremity formation of 
higher vertebrates. For in them the muscu- 
lature extended itself perpendicularly from 
the axis of the organism to grant the fish and 
the tetrapod, organs of propulsion. If such a 
lateral extension could be achieved in sub- 
sequent evolutionary advance, there is no a 
priori reason why a posterior extension 
might not have been the mechanism 
whereby a modified early nautiloid cepha- 
lopod became transformed into a primitive 
armored vertebrate. 

- The development of a constricted aper- 
ture may have been mechanically related to 
the posterior extension or internalization 
of the natutiloid’s tentacles and its muscu- 
lature. For with an incapacity to achieve 
motion through the forward opening, the 
only possibility would be through investing 
the rear septa and moving them through a 
squirming motion. This could have been 
achieved through a genetic duplication as 
seen in allele formation in which the ante- 
rior tentacles became duplicated by a series 
of modified posterior ones. Because of the 
close linkage of vision with motility such a 
doubling—similar to that hypothecated for 
the genesis of man (Sillman, 1955)—could 
have included the eye genes to create the 
second pair of eyes of the lower vertebrates 
(Edinger, 1956), the pineal eyes appropri- 
ately directed toward the posterior of the 
organism. 

From this reconstruction, the forward 
tentacles would in time have been sup- 
pressed in favor of a rearward development. 
Such a suppressed set of genetic mutations 
could well have been the basis for the sub- 
sequent development of the jaw (a kind of 
extremity) as well as, in later evolution, the 
fins of the fish and the extremities of the 
tetrapod. In this connection the ten upper 
extremity digits of the tetrapod—a_ uni- 
versal pattern in the vertebrate from am- 
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phibian to man, used largely to move the 
organism and draw food to the mouth— 
seem to resemble in more that a fortuitous 
manner the design of the squid with its ten 
tentacles doing the same thing in a different 
way. 

From the above considerations, the 
hemichordata, cephalochordata, and the 
urochordata must be considered to be de- 
generate vertebrates rather than transition 
stages between invertebrates and _ verte- 
brates as implied by the Garstang theory 
and also developed by Berrill (1955). The 
meagre sensory and neural equipment of all 
these forms in a phylum characterized by a 
high and constant development of these 
structures suggests involution. The com- 
plete loss of sensation and motility by the 
adult tunicate as compared with its tadpole, 
its hermaphrodism and growth by budding, 
all point to a profound regression back to 
lower invertebrate functioning. For aside 
from the notochord, the lower chordates 
seem in many ways more primitive than the 
higher invertebrates, thus providing an in- 
stance wherein a vast and profoundly sig- 
nificant forward movement in evolution was 
accompanied by a marked regression in some 
offshoots. 

On the basis of the material presented, it 
can be seen that the nautiloid cephalopod 
shares more cardinal features with the 
vertebrate than does the _ echinoderm. 
Embryologically there would seem to be a 
somewhat closer resemblance between the 
cephalopod and the vertebrate than be- 
tween the latter and the echinoderm. In re- 
gard to the basic structuring of the circu- 
latory, respiratory, renal, and skeletal sys- 
tems Nautilus shows such marked similar- 
ities with the vertebrate that it almost 
seems justified to put them in the same class 
of animals. By contrast, the various echino- 
derms completely lack any distinctive basic 
adult vertebrate features. Further, the trans- 
formation of a nautiloid into a vertebrate 
can be constructed which violates no known 
evolutionary process, has the relative sim- 
plicity of commonplace morphological 


changes in evolution, and explains the 
puzzling feature of the vertebrate’s pineal 
eyes. 

In addition, the higher cephalopod de- 
scendants of the early nautiloids, the 


Sepioidea and the Octopoda, show in the 
gross and microscopic anatomy of the eye, 
the basic pattern of the brain, and the gen- 
eral behavior of the organism a marked re- 
semblance to the vertebrate, pointing to a 
common ancestry. 

Thus primarily from the evidence of 
comparative anatomy, secondarily from 
the data of comparative embryology, and 
thirdly from striking resemblances of a 
separate line of descent, the hypothesis is 
presented that the vertebrate originated 
from an orthoconic, nautiloid cephalopod. 
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A TERTIARY CYNOMYS FROM SOUTH DAKOTA 


MORTON GREEN 
Museum of Geology, South Dakota School of Mines and Technology, Rapid City, South Dakota 





ABSTRACT—A new species of Tertiary prairie dog, Cynomys spispiza, is represented 
by a partial lower jaw that was found on the surface of a Valentine sand. The species 
is compared with Cynomys ludovicianus and C. leucurus to which the fossil is related. 
The temporal range of the genus is extended to the early Pliocene or late Miocene. 
No evidence is available to determine the ancestry of Cynomys. 





INTRODUCTION 


w= making reconnaissance and map- 
ping Tertiary deposits in Tripp, 
Gregory, and Charles Mix Counties, the 
South Dakota State Geological Survey col- 
lected some fossil vertebrates. Among 
these was a sciurid lower jaw collected by 
Dr. R. E. Stevenson from the surface of a 
Valentine sand. The specimen has been 
turned over to the Museum of Geology for 
cataloguing and storage. 
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Family SCIURIDAE 
CYNOMYS SPISPIZA* n. sp. Green 


Type—SDSM No. 57100; fragment of 
left lower jaw bearing Py-Ms3. 

Type locality—NE}, NE}, SE} sec. 20, 
T. 97 N., R. 74 E., spillway of Roosevelt 
Lake dam, Tripp County, South Dakota. 

Fauna and Age.—Valentine. Late Mio- 
cene or early Pliocene. 

Diagnosis.—P, relatively larger than in 
Recent species. Mid-line of protolophid in 
Mi-s opposite ectolophid of preceding 
tooth. 

Description —P,: Crown of protoconid 


* Sioux Indian (Teton Dakota) for prairie dog. 
Name supplied by Frank C. Estes of Lower Brule 
Reservation. 


worn slightly, enamel merging with meta- 
lophid and ectolophid; small notch in 
enamel of posterior border of protolophid 
valley, parametaconid worn; small cuspid 
labiad of parametaconid (possibly pro- 
toconulid); hypoconid thin; folded enamel 
of talonid basin barely discernible; posteri- 
or border of posterolophid with small tuber- 
cles. Mi: Protolophid and metalophid united 
by wear; lingual side of hypoconid rounded; 
prominent enamel protuberance linguad of 
parametaconid; mid-line of protolophid op- 
posite ectolophid of P,; hypoconid and 
entoconid connected by worn _ postero- 
lophid; enamel of talonid basin gently 
folded. Mz: Much like M:; enamel crest 
linguad of broken parametaconid longer 
than in M; and connected to parametaconid. 
M;: Enamel crest linguad of brcken para- 
metaconid, terminating in a small dentine 
ridge directed lingually; small basal cuspid 
at base of hypoflexid. 

Comparison and relationship.—The den- 
tal series is about the same length as in 
Cynomys ludovicianus (Ord) and longer than 
in C. leucurus Merriam. Pyin C. ludovicianus, 
though a parallelogram in outline, is nearly 
quadrate. In C. spispiza and C. leucurus the 
outline is more nearly a parallelogram, par- 
ticularly in a worn tooth. The small tuber- 
cles on the posterior edge of the postero- 
lophid are developed to an identical degree 
in C. spispiza and C. leucurus. This char- 
acter is much less developed in C. ludovict- 
anus if at all. In Mi and M; of C. ludovict- 
anus the anteriorly projecting bulge in the 
center of the protolophid is decidedly more 
prominent than in the other two species. It 
is this bulge which give the teeth a nearly 
quadrate outline. The enamel ridge which 
is all that remains of the valley between the 
parametaconid and protoconid is most 
prominent in C. spispiza. In Ms; there is a 
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TABLE 1—MEASUREMENTS IN 
MILLIMETERS 


C. spis- 





C.leu- — C. ludovti- 
piza curus cianus 
SDSM CUM CUM 
No. 57100 No. 128 No. 3176 








P, A-P 3.0 2.5 3.0 
P, Tr 4.5 3.7 4.3 
M; A-P 2.9 2.4 3.3 
M;, Tr 4.7 3.4 4.0 
M2 Tr 3.0 2.5 3.0 

3 A-P 4.9 4.7 5.7 
M; Tr 4.2 3.6 4.0 
P,-M; 15.2 13.0 15.4 





cuspid at the base of the hypoflexid in both 
C. leucurus and C. spispiza. This cuspid is 
absent in C. ludovicianus. Bryant’s (1945, 
pl. 4, fig. b) figure of C. gunntsoni (Baird) 
also displays this cuspid. In all of the teeth 
the hypoconids are relatively larger in C. 
spispiza and C. ludovicianus than in C. 
leucurus. In C. spispiza and C. leucurus the 
hypoconids turn anteriorly but slightly. In 
C. ludovicianus they are sharply bent 
toward the protoconid. Consequently, the 
protoconids and hypoconids are farther 
apart in the former species. C. spispiza 
differs from the other two species in that the 
mid-point of the protolophid of Mi-_3 are 
opposite the ectolophid of the preceding 





TEXT-FIG. 1. Cynomys ludovicianus; CUM No. 
3176, from near Boulder, Colorado. Crown 
view, left Py-M3, 4. } 

TEXT-FIG. 2. Cynomys spispiza n. sp. Green; 
SDSM No. 57100. Crown view, left Ps-M3, <4. 

TEXT-FIG. 3. Cynomys leucurus; CUM No. 128, 
from near Meeker, Colorado. Crown view, left 
P,-Ms, X4. 


tooth. In the two Recent species, the center 
of the protolophid is linguad of the ectolo- 
phid. 

C. spispiza combines characteristics of 
both C. ludovicianus and C. leucurus but is 
closer to the latter species. Whether or not 
C. spispiza is ancestral to these species 
(and other Recent species of the genus) is 
difficult to determine on the evidence pro- 
vided by the single specimen. The fossil 
species and C. ludovicianus are similar in 
size, the hypoconids are relatively large, 
and M; is broad across the protolophid and 
metalophid. The resemblance of C. leucurus 
to C. sptspiza is in the general outline of the 
teeth, similarly shaped hypoconids, the 
presence of the basal cuspid in Ms, and in 
the cuspidate posterolophid of P,. Super- 
ficially at least, it seems as though C. 
spispiza could be ancestral to both these 
Recent species and it is not illogical to pro- 
visionally consider it to be the ancestor. 

Some comment as to the evolutionary 
position of Cynomys is necessary. Bryant 
(1945) concluded that Cynomys and Citellus 
(Citellus) are either closely related or con- 
vergent genera. His preference was that 
they are closely related because the subgenus 
Citellus resembles Cynomys in skull struc- 
ture and dentition more than it does the 
other subgenera of Cvtellus. His phylo- 
genetic chart indicates that Cynomys is an 
offshoot of Citellus possibly in mid-Pliocene 
time. 

It is necessary to alter Bryant’s conclu- 
sions which were made without the new ma- 
terial discussed here. Since the age of the 
new species cannot be more precisely 
stated than either late Miocene or early 
Pliocene, I am arbitrarily assuming it to be 
of early Pliocene age. This would conserva- 
tively extend the temporal range of the 
genus from early Pliocene time to Recent. 
Even if we assume that Cynomys is derived 
from Citellus the phylogenetic chart should 
be modified in extending the Cynomys line 
back to near the base of the Pliocene, at 
least. 

There is apparently no relationship be- 
tween C. spispiza and such forms as Proto- 
spermophilus Gazin (Upper Miocene and 
Lower Pliocene) and Citellus primitivus 
Bryant (Upper Miocene). There also seems 
to be no more reason to consider the resem- 
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TEXT-FIG. 4. Cynomys ludovicianus; CUM No. 
3176. Labial view, Ps-M3, 4. 

TEXT-FIG. 5. Cynomys spispiza n.sp. Green; SDSM 
No. 57100. Labial view, Ps-M3, X4. 

TEXT-FIG. 6. Cynomys leucurus; ‘COM No. 128. 
Labial view, Py-Ms, <4. 


blance of Cynomys to Citellus as one of close 
relationship than as the result of conver- 
gence. The ancestry of Cynomys is as yet 
unknown. 

Faunal relationship.—To the best of my 
knowledge, C. spispiza represents the first 
known occurrence in South Dakota of a 
fossil vertebrate from beds equivalent in 
age to those in Cherry County, Nebraska. 
A possible exception to this might be those 
vertebrates from the Bijou Hills area in 
Brule County, South Dakota known as the 
Bijou Hills local fauna (Wood, H. E., 
1941). This fauna is considered to be late 
Miocene in age, particularly because of the 
presence of Merychippus insignis Leidy, 
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Leptarctus primus Leidy, Gomphotherium 
fricki Peterson and Merycodus necatus 
Leidy (Green, 1958). At the present time, 
the relationship of the Bijou Hills sediments 
to lithologically similar beds to the south is 
in dispute (Agnew, 1958; Green, 1958; 
Stevenson, 1958). Unfortunately, — this 
sciurid does not help us in resolving the 
Bijou Hills problem. 

Stevenson (pers. comm.) states that the 
specimen was found in a buff colored fine 
grained arkose sand about 20 feet above the 
Pierre shale contact and about 10 feet below 
the Bijou formation. Stevenson’s (1958) re- 
marks on the Bijou formation do little to 
clarify either the stratigraphic or nomen- 
clatural status of the name (Bijou). Rather 
there seems to be an effort to preserve a 
formational name that never should have 
been proposed. I would also suggest, and 
J. R. Macdonald (pers. comm.) agrees, that 
to give the various ‘‘green quartzose’’ beds 
in the Bijou Hills one name would be the 
‘same as giving the different channels of the 
White River Group a separate formational 
name. That this is precisely what Stevenson 
has in effect done is evidenced by Taft’s 
(1959) interpretation of Stevenson in which 
he states that the Ogallala Group ‘‘consists 
of the Ash Hollow (formation) conformably 
over-lying the Valentine formation, with 
the Bijou formation found within each.” 
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BISON LATIFRONS IN SOUTH DAKOTA 


MORTON GREEN AND HAROLD MARTIN 
Museum of Geology, South Dakota School of Mines and Technology, Rapid City, South Dakota 





ABSTRACT—A nearly complete skull with horn cores of Bison latifrons (Harlan) is 
average in size for the species and marks the most northern find to date. The strati- 
graphic range of the species is either Medial to Late Pleistocene or Late Pleistocene 


only. 





INTRODUCTION 


URING the summer of 1958, the director 

of the Museum of Geology, J. D. 
Bump, received a letter from E. L. Tuning 
stating that a large skull had been uncovered 
during quarry operation in a sand and 
gravel deposit near Midland, South Dakota. 
The senior author contacted Mr. Tuning 
and learned that the skull had been removed 
from the site in pieces. The many fragments 
were donated to the museum. Missing was 
one horn and many smaller fragments. 

At a later date, it was learned that the 
missing horn was in the possession of 
Lester D. Hilson, also of Midland. This 
horn plus a few skull fragments were ob- 
tained from Hilson by Ralph Jones of Mid- 
land who is owner of the quarry. It is fortu- 
nate that Mr. Jones is not only the owner of 
the property and felt that we should have 
the missing horn, but he is also the South 
Dakota School of Mines and Technology 
representative on the State Board of 
Regents and, as a regent, wished to secure 
the specimen for scientific study. We are 
particularly indebted to Mr. Jones and all 
people concerned in seeing to it that the 
specimen did not end up as a curiosity on 
someone’s mantelpiece. 


SYSTEMATIC DESCRIPTION 


BISON LATIFRONS (Harlan) 


Referred specimen: SDSM No. 5889; 
most of skull with left P*-M%, right P3-M3, 
and horn cores present, with the tip of the 
left horn, tips of the maxillae, portions of 
the palate, and the pterygoid processes 
missing. Locality: SW3, SW3, Sec. 31, T. 
2 N., R. 25 E., Midland Quadrangle, 
Haakon County, South Dakota. This is 
about 1.2 miles north of the town of Mid- 
land just north of the Bad River. 

This specimen represents the 22nd record 


TABLE 1—MEASUREMENTS IN MILLIMETERS 











Left Right 

Core length on upper curve, tip 

ee peer rrr re 743 812 
Length of core on lower curve, 

tip toburr. ..........5..5%. 787 855 
Length, tip of core to upper base 

AE OL eee eee ee reereeee 717 796 
Transverse diameter of core.... 161 167 
Vertical diameter of core....... 136 138 
Circumference of core at base... 484 494 
eer ere ere 22.8 
| RSE peretacneepaereras: 21.7 
6 ign ah 20.0 21.5 
Na bua Gee a 5 44 25.4 25.4 
eee 25.5 25.6 
Sree 30.0 29.4 
EL os su ioe wah 4 eee 33.3 34.8 
| Eee eee eee 32.3 31.7 
NS eee ean 36.6 35.8 
a ee oe 31.6 31.6 
Length M'-3.................. 96.8 97.0 
P?-M? alveolar length.......... 165.0 170.0 
Spread of horn-cores, tip to tip........ 1726* 
Greatest spread of cores on outside curve 1778* 
Width cranium between cores and orbit 355 
Greatest postorbital width............ 395 
Width of skull at masseteric processes at 

— PE eS rer er rer eres 219 
Greatest width at auditory openings.... 340 
Width of condyles.................... 157 
Occipital crest to nasal-frontal suture.. 310 
Occipital crest to lower border foramen 

TOOT COUS Sean eee ea Parra 181 
Basilar length of skull................ 609* 
Over-all length of skull............... 681* 
Median length of premaxilla beyond P?.— 153* 
Rostral width at maxillary-premaxillary 

BUNMNE ete Sroka iw ais oe ce iansmchsie ts 151 
Length, occipital crest to tip of nasals.. 554 
Length of nasal bone................. 254 
Anterior orbital width at notch........ 282 
Width between bases of horn-cores.... . 310 
Index of horn curvature............... 107 
Index of core compression............. 83 
Index of core proportion.............. 165 
Index of core length.................. 229 
P?-M?/skull length; in percent......... 27 
Distance between anterior premolars. . . 95* 
Distance between posterior molars... . . 120 





* Approximate. 
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TEXT-FIG. 1—Bison latifrons (Harlan) referred, SDSM No. 5889, as seen from above. 
Length indicated by meter stick. Photo by Richard Kitchen. 


TEXT-FIG. 2—View of gravel pit showing cross-bedding. Hammer at probable level 
of skull. Photo by Richard Kitchen. 
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of the species, and the first record of the 
species in South Dakota. As far as can be 
determined, it is the most northern find for 
the species as well (see Skinner and Kaisen, 
1947, p. 154). From the accompanying 
measurements, it can be seen that in most 
instances the South Dakota specimen falls 
in the average or slightly less than the aver- 
age in size for the species as given by Skinner 
and Kaisen (p. 205, 207). 

The stratigraphic range of B. latifrons 
has been in doubt. Schultz and Frankforter 
(1946) believed that this giant bison ar- 
rived in the Great Plains during Kansan 
time (early Medial Pleistocene). The same 
authors (1951) tentatively refer the species 
to a Kansan or Yarmouth Age. Skinner and 
Kaisen (1947 p. 155) mention that the spe- 
cies may have survived until Late Pleisto- 
cene in Florida. This is probably the speci- 
men from the Bradenton quarry described 
by Simpson (1930). Savage (1951) reports 
a specimen from a soil layer near Walnut 
Creek, California, giving for the age of the 
deposit later Pleistocene. However, no de- 
finitive age for the specimen was given. 
VanderHoof (1942) gives for the very fine 
University of California skull an age of Late 
Pleistocene. 

According to Flint (1955) the probable 
age of the terraces north of the Bad River 
is Late Pleistocene. As worked out by 
Crandell (1954) these terraces range in age 
from early to late Pleistocene. The 


SDSM specimen comes from the highest of 
several terraces in the area and the oldest 
possible dating is Iowan. The deposit con- 


sists of fine to coarse cross-bedded sands 
with pebbles up to at least one inch in diam- 
eter. 

Possibilities remaining then, in the inter- 
pretation of the species relative to the 
stratigraphic level(s) in which it is found, 
are: (1) Bison latifrons survived into the 
Late Pleistocene in all, or nearly all, of its 
geographic range. (2) The interpretations 
of Schultz, e¢ al. and Skinner and Kaisen are 
not valid, and B. latifrons is found only in 
deposits of Late Pleistocene Age. 
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A TRILOPHOSAURID REPTILE FROM THE KOOTENAI 
FORMATION (LOWER CRETACEOUS) 


EVERETT C. OLSON 
University of Chicago 


ABSTRACT—A new genus and species of reptile of the Family Trilophosauridae is 
described. The specimen upon which the description is based was found in the 
Kootenai Formation, Lower Cretaceous, of Montana. Previously the family has 


been known only from the Upper Triassic. 


INTRODUCTION 


ie THE course of mapping, while carrying 
out class work at the Montana School of 
Mines, Mr. George Cloud of Juneau, 
Alaska, found a pair of small jaws in the 
Kootenai formation of Montana. The 
specimen was encased in red silt-stone and 
its affinities among the vertebrates were 
not at once evident. The specimen was sent 
to the writer for identification by Dr. O. D. 
Blake, now Geologist of the Oil and Gas 
Conservation Commission of the State of 
Montana. It proved to be of considerable 
interest and with the donor’s permission it 
has been deposited in the collections of the 


Chicago Natural History Museum, 
C.N.H.M. UR 619. Subséquently, Dr. 
Blake furnished precise geological and 


locality data, which have been incorporated 
in this report. I wish to express my sincere 
appreciation to Dr. Blake for sending the 
specimen, for permission to publish upon it, 
and for the indispensable information upon 
the ‘location and geological situation in 
which it was found. 


SYSTEMATIC DESCRIPTION 


ORDER PRoTOROSAURIA 
Family TRILOPHOSAURIDAE 
Genus TOXOLOPHOSAURUS nN. gen. 


Diagnosis—Lower jaw with 20 or 21 
cheek teeth, lacking teeth in symphysial re- 
gion. Teeth progressively larger from an- 
terior to posterior along the jaw. Each tooth 
with sharp, transverse crest, curved anteri- 
orly on lingual margin. Inner margin of 
each tooth sharply inflected anteriorly to 
overlap inner margin of next anterior tooth. 
Labial surface of crown roughly triangular. 

Symphysis of jaw deep, rather narrow, 
and sloping postero-ventrally to produce a 


symphysial shelf. Adductor fossa short, 
sloping posteroventrally and encased later- 
ally and medially by prearticular bone. 
Open Meckelian groove on inner margin of 
jaw from level of coronoid process to sym- 
physis. Coronoid process strong, formed by 
large coronoid bone and by the dentary 
bone. 


TOXOLOPHOSAURUS CLOUDI n. sp. 


Holotype—C.N.H.M. UR 619. Pair of 
lower jaws lacking articular area on both 
sides. 

Horizon and locality—Kootenai forma- 
tion, lower Cretaceous. 223.75 feet above 
base of Kootenai. T. 4 S., R. 8 W., W. Cent. 
NE SE Sec. 23, Silver Bow County, Mon- 
tana. Aerial photo index (see Olson, 1948), 
CXK 3B 25, 4.31-5.94 (1942 Photo. series). 

Diagnosis —Same as for genus. 

Description—Preservation of the speci- 
men is in general good. By use of the fea- 
tures on the two jaws, it has been possible 
to interpret most of the essential features. 
The nature of the specimen, its degree of 
completeness, and the amount of distortion 
are shown in text-figure 1. It will be noted 
that the anterior teeth are highly worn and 
that there is successively less wear posteriorly 
with the final tooth on each side virtually 
unworn. 

The major features of the jaws are noted 
in the diagnosis and illustrated in text-figures 
1,2, and 3. Certain of these require special 
emphasis because of their taxonomic sig- 
nificance. 

The dentary is proportionately large and 
well developed along the inner, ventral 
margin of the jaw. It extends posteriorly in 
a short spur below the coronoid process, on 
the outer surface of the jaw, to wedge be- 
tween the angular below and surangular 
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TExt-F1G. 1—Drawing of lower jaws of Toxolophosaurus cloudi n. gen and sp. (holotype, 
CNHM UR 619), showing jaws as preserved in dorsal view. X 1}. 


above. It rises to form the outer surface of 
the strong coronoid process to cover the 
coronoid bone laterally. Between the den- 
tary and surangular there is a zone that 
lacks bone and in which part of the pre- 
articular is visible in lateral aspect. This 
condition is clearly seen on the right half of 
the jaw, but is less clearly defined on the 
right. In this zone, in the adductor fossa, 
there appears to be an opening with regular 
margins between the prearticular and den- 
tary, suggesting the existence of an actual 
fossa. It seems quite possible that there was, 
in fact, a fossa that passed to the outer sur- 
face of the jaw, but it may well be that the 
surangular, which is immediately adjacent, 
extended in a very thin sheet of bone over 
the open area; a sheet that was not pre- 
served because of its extreme delicacy. 

On the lingual surface of the jaw there is 
a well developed Meckelian groove. Its 
dorsal margin is formed by the splenial. The 
groove passes forward from the level of the 
anterior margin of the coronoid process to 
the symphysis. The splenial appears to be 
preserved in its entirety and apparently did 
not cover this groove as it does in many 
reptiles. Thus the splenial was a long, 
slender element on the inner surface of the 
jaw below the dentary and above the 
Meckelian fossa. : 

The coronoid process is a very prominent 
feature of the jaw. It is incomplete dorsally 


on both sides, but clearly rose well above all 
other structures of the jaw. The coronoid 
bone forms the process internally, but the 
outer portion is formed by the dentary. 
Back of this process is a short adductor 
fossa whose outer margin slopes sharply 
posteriorly toward the unpreserved articular 
portion of the jaw. The fossa lies almost 
wholly within the pre-articular bone, which 
is the dominant element of the posterior 
part of the jaw. 

The main features of the dentition are 
shown in figures 1,2 and 3. The absence of 
anterior teeth is real, and not a matter of 
poor preservation. Apparently all the cheek 
teeth were characterized by a sharp cross- 
loph that swung sharply forward along the 
inner margin of the tooth. Wear is heavy on 
the anterior teeth, but the successive stages 
of wear, decreasing posteriorly, suggest a 
common crown pattern along the whole 
series. On the unworn last teeth the cross- 
loph is sharp and smooth and shows no evi- 
dence of cuspules. Dimensions of the teeth, 
expressed as maximum width, increase 
regularly front anterior to posterior as 
follows: 


Tooth number width in mm. 
7 eee ene eee 0.8 
BORA Na non tope ts.t yeeacs 1.3 
| Di Se ern 2.0 
Sci eae rere 3.0 
OER or cctv 4.0 
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TEXT-FIG. 2.—Jaws of Toxolophosaurus cloudi n. gen. and sp. and Trilophosaurus beuttneri Case. 
Jaws to proportional scale. A. lingual view of Toxolophosaurus cloudi; B. lingual view of Trilo- 
phosaurus beuttneri; C. labial view of Toxolophosaurus cloudi: D. labial view of Trilophosaurus 
beuttnert. Trilophosaurus after Gregory (1945). Abbreviations: ANG., angular; COR., coronoid; 
DEN., dentary; PRA., prearticular; SA., surangular; SPL., splenial. 





TABLE 1—SECTION OF KOOTENAI FORMATION AT SITE OF Toxolophosaurus 
cloudi, SUPPLIED BY Dr. O. D. BLAKE. *BED IN WHICH SPECIMEN WAS FouND 








Colorado formation: Feet 


Kootenai formation: 





48. Limestone, vertically jointed, medium gray, with scattered fossil fragments........... 
47. Limestone, massive evenly bedded, medium dark gray, with abundant gastropods...... 
46. Limestone, massive, gastropod coquina..............0.. 000. c eect eee 
45. Limestone, splintery vertically jointed................. 00. ccc cee eee eens 


44, Limestone, ribbon like beds, dirty medium dark gray, with many gastropod fragments. 3 


43. Limestone, massive, medium dark gray, with scattered gastropod fragments........... 
42. Limestone, ribbon like bedding, finely crystalline, medium gray...................... 
41. Limestone, massive, dirty medium gray..............0.0 0.00. c ccc eee eee eee 
40. Poorly exposed, some shows of pale red and yellowish green, calcareous claystone and silt- 

stone and scattered small limestone nodules.................00. 000 ccc cece eee ee 
39. Sandstone, massive, friable, crossbedded, fine texture, yellowish gray................. 
38. Siltstone, chippy, calcareous, pale orange, poorly exposed....................-.0005. 
37. Limestone, massive spliatery, medium gray to dark green....................0..000 
36. Mostly covered, some show of claystone, blocky, calcareous, light to medium gray........ 
35. Limestone, finely crystalline, brownish gray, with gastropods........................ 
34. Mostly covered, some show of dolomite, medium light gray......................... 
33. Limestone, light gray, fine texture, with closely spaced vertical joints, in four beds each 
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32. Mostly covered but with some shows of white to very light gray calcareous clay, medium 


gray limestone, and light brownish-green calcareous claystone....................... 95. 


31. Sandstone, coarse to medium texture, light gray salt and pepper..................... 
30. Limestone conglomerate, fragments up to 1”, very light blue-gray.................... 
29. Covered, some show of light brownish-gray calcareous, blocky claystone and small cal- 

BATE OUIS ACUTE a yd gee cents Oi prety ge eee ea mare eon a eee ere 
28. Sandstone, light gray, salt and pepper, medium textured, friable....................... 


3. 


27. Limestone conglomerate, with fragments up to 2”, medium light gray................... 1 
26. Very poor exposure, some show of light brownish-gray calcareous claystone.............. 16 
25. Nodular limestone, medium light gray, fine texture.............0..0..00000 000 eeu 
24. Claystone, blocky, grayish-red, pale red, and medium dark red, with some limestone nod- 
EE Ee rer ere renee Tener weer re eee 57 
23. Sandstone, salt and pepper, medium light gray, calcareous, bottom very calcareous with 
irregular limestone granules... .........00.000 00 cece cc cence teen eens 14 
22. Siltstone, pale reddish to pale reddish-brown, calcareous....................0.000005 18 
3 


21. Sandstone, light olive gray, fine textured..........0...00. 000. c ccc ccc eects 
20. Sandstone, massive, crossbedded, medium gray, salt and pepper, medium textured except 


for 1’ conglomerate at the base... .. 0.2... ccc eee ccc e esc nseeees 24. 


19. Conglomerate with granules to 1” of grayish-yellow, irregular shaped calcareous claystone 


in a matrix of coarse textured, salt and pepper sandstone............................ 3 
18. Claystone, calcareous, blocky, pale reddish-brown, poorly exposed.................... 21 
17. Sandstone, yellowish-gray, very fine textured calcareous.......................00040 3 
16. Sandstone, thin bedded, pale red, very fine grained, calcareous....................... 31 
15. Limestone granule conglomerate, massive, light gray, grayish-yellow and light red..... 3 
14. Claystone, pale red, lumpy, calcareous, mottled..................00.0.000 000 ceca 42. 
13. Sandstone, massive, pale red, fine textured, calcareous..................0 0000000 e eee 1 
12. Mostly covered, some shows of moderate orange pink, blocky, calcareous siltstone...... 6 
11. Sandstone, thin bedded 1” to 3’, slabby, light olive gray, medium texture, some stained 
ol RN i eM Ree EN re eee et bas aay 15-k 1 EW ERE ES 29 
*10. Siltstone, calcareous, splintery, calcareous, pale reddish-brown, gray, and orange pink. 
(Vertebrate fossil found 21” below the top of this bed).......................00.005. 58 
9. Sandstone, light brownish-gray, medium textured, calcareous, massive................ 2 
8. Siltstone, blocky, calcareous, pale red, partly covered....................0000 eeu 13 
7. Limestone, light olive gray, massive, fine texture................. 00 ccc eee ee eee e ees 1 
6. Claystone, blocky, gray red, poorly exposed; } of the way up from the base 1” calcareous 
clays rong Vcc [Sys Sey aes Sane Ae ne aetna er oer ee nent 46 
5. Sandstone, massive, light brownish-gray, medium texture, crossbedded with thin lime- 
stone conglomerate and shale breaks near the top................ 00000: c cece eens 10 
4. Claystone, blocky, grayish red and pale olive, with scattered limestone nodules, poorly 
i gE CRE OS Se er oe Dante OM by oc eb R RI WOES HOES ES > 20 
3. Sandstone, massive, pale yellow-brown, salt and pepper, coarse texture............... 3 
2. Claystone, blocky black red, with small 3” to 2” limestone nodules.................... 50 
1. Sandstone, massive, salt and pepper, light yellow gray, coarse, lower part conglomeratic, 


ELIE ETE errr nen re 
Total thickness of Kootenai formation................. 0.0.0: e cece cece ence eeeenens 12 
Morrison formation: 
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TEXT-FIG. 3—Sketch showing restoration to un- 
worn condition of posterior teeth of Toxolo- 
phosaurus cloudi in labial and crown views. 


Discussion 


Occurrence-—The specimen was found in 
a red, calcareous siltstone in bed 10 of the 
section given in table 1. This bed appears to 
be of terrestrial origin, but little more can be 
said of conditions of deposition from the in- 
formation available. Vertebrate remains are 
extremely rare in the Kootenai formation, 
being otherwise mostly unidentifiable scrap. 
Thus this new specimen may eventually 
take on considerable importance from a 
stratigraphic point of view. At present, how- 
ever, nothing at all close to it has been 
found elsewhere in the Cretaceous and the 
interest is primarily biological. A very close 
search of the vicinity of the find was made, 
but no additional specimens could be lo- 
cated. The specimen, thus, becomes one of 
the rare bits of information pertaining to 
vertebrate life during Kootenai times. 

Relationships——The superficial appear- 
ance of the jaws of Toxolophosaurus is im- 
mediately reminiscent of Trilophosaurus, 
but the age difference, Early Cretaceous and 
Late Triassic respectively, is sufficient to 
make for caution in consideration of rela- 
tionships. Careful study, however, appears 
to leave little doubt that the two genera are, 
in fact, closely related. 

The cross-lophed teeth of the two repre- 
sent a strong area of similarity, but in de- 
tails the teeth are quite different. The for- 
ward swing of the loph along the inner mar- 
gin in Toxolophosaurus is not found in 
Trilophosaurus, and the ‘‘cusp”’ pattern of 
the loph in Trilophosaurus is absent in 
Toxolophosaurus. In both genera there ap- 


pears to have been no tooth replacement. 
Rather teeth erupted successively from 
anterior to posterior and were retained once 
they were present. This is an unusual pat- 
tern in reptiles and strongly suggests close 
relationship. The resemblance of the teeth 
give good evidence of relationship, but are 
not, of course, definitive. The absence of 
anterior teeth and the shelf-like symphysial 
region also represent features that are un- 
common in reptiles, except among those 
possessing a pre-dentary element, and 
strongly support the dental evidence. 

Comparisons of the jaw structure, the 
general form and details of the bones, show 
many striking resemblances between the 
two genera (see figure 2). The long dentary, 
the large pre-articular, the short sloping ad- 
ductor fossa, the very low articular region, 
the strong coronoid process and the sym- 
physial region produce a very comparable 
jaw structure. Each of these taken alone can 
be considered adaptive and it is, of course, 
possible that the total pattern may in itself 
represent a case of extremely strong con- 
vergence. It seems highly improbable, how- 
ever, that the interrelated suites of jaw and 
dental characters would show the degree of 
similarity were there not an actual relation- 
ship at least at a familial level. 

Assignment of Toxolophosaurus to the 
trilophodontidae extends the range of this 
family from the Upper Triassic to the Lower 
Cretaceous. No Jurassic representatives are 
known. This pattern of sporadic occurrence 
in the geological record is characteristic of 
the Protorosauria as a whole and has even 
cast considerable doubt upon its ordinal 
unity. Romer (1947) has argued convinc- 
ingly for the homogeniety of the group. It 
may well be that the sparse record results 
from the environment in which these ani- 
mals lived, one which was seldom tapped by 
processes that resulted in the fossil record. 
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VARIATION OF ENGLISH BATHONIAN LAGENIDAE AND 


ITS PHYLOGENETIC SIGNIFICANCE 


RICHARD CIFELLI 
U. S. National Museum, Washington, D. C. 





ABSTRACT—Study of the English Bathonian emphasizes the need for recognition of 
variable species in the classification of the Jurassic Lagenidae. There is evidence 
that generally accepted generic as well as species characters vary considerably 
within a single species of this difficult group. It is suggested that “‘key”’ characters 
used to define genera should be treated cautiously and evaluated in light of other 
test features. Additional important clues in the taxonomy of this group are factors 
of distribution and the occurrence of transitional forms between distinct types in a 
single assemblage. 

Recognition of variable species among the Jurassic Lagenidae is compatible with 
genetic and evolutionary theory. Moreover, the occurrence of variants is believed 
to provide important clues to the phylogeny of the group. The occurrence of iden- 
tical structural types in distinct lineages suggests that many of the described genera 


of Lagenidae are polyphyletic. 





INTRODUCTION 


I“ THE course of a study of English Bath- 
onian Foraminifera (Cifelli, 1959) the 
writer became conscious of the bewildering 
variety of Jurassic Lagenidae and the diffi- 
culties of classifying them. Althought there 
have been many lagenid species and genera 
described from the Jurassic it soon became 
apparent that many of the English Bath- 
onian forms did not correspond well with 
any of these taxa. The problem was not one 
of interpreting new structures, as the Eng- 
lish Bathonian lagenids exhibit little new in 
morphology that has not already been de- 
scribed. The difficulty was in assessing the 
taxonomic significance of the wide varia- 
tions that these structures exhibit and the 
numerous combinations in which they occur. 
The highly variable nature of the Jurassic 
Lagenidae has been long known, although 
there have been but few attempts to in- 
vestigate the possibility that much of the 
variation may be infra-specific (most nota- 
ble exception, Barnard, 1950a, 1950b). The 
purpose of the present paper is to point out 
some of the more common variations en- 
countered among English Bathonian lagenid 
species and to discuss the taxonomic and 
phylogenetic implications. A preliminary re- 
port has already been presented (Cifelli, 
1957). 
It is believed that these highly variable 
forms can be understood only if they are 
studied independently of the preconceived 


notions concerning the taxonomic signifi- 
cance of particular morphologic features. 
“Key” characters should be viewed with 
caution and evaluated in light of the total 
morphology of the test. Factors of distribu- 
tion and continuous variation shown by 
transitional forms occurring in assemblages 
need careful consideration in delimiting 
species. 

This does not mean that the mere recogni- 
ion of intra-specific variation will solve the 
problem of classifying the Jurassic Lageni- 
dae. The group is a difficult one, and a 
meaningful classification will require much 
additional study, whether variation is 
recognized or not. It is suggested, however, 
that the recognition of variable species is a 
more valid approach to understanding the 
phylogeny of the Lagenidae than the time- 
honored custom of giving a different name 
to any peculiar combination of structures 
that may occur in an assemblage. Evolution 
proceeds through variants of ancestral 
populations; to mask these variants with 
new names is to obscure important clues to 
the phylogeny of the group. 


COMMENTS ON CLASSIFICATION OF 
THE LAGENIDAE 


The Lagenidae dominate the Bathonian 
foraminiferal faunas in terms of diversity 
and relative abundance. Of the 104 species 
and subspecies recognized in this stage 
(Cifelli, 1959), 77 are referable to the Lagen- 
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idae. Species belonging to other families are 
generally few, and constitute insignificant 
parts of the assemblages. Important excep- 
tions are the calcareous tubular specimens 
belonging to either Cornuspira liasina or 
Spirillina infima. Specimens of these species 
are locally abundant, and at some horizons 
they outnumber the Lagenidae, although 
they exhibit little variation. 

The dominance of the Lagenidae in the 
Bathonian is typical of the Jurassic fora- 
miniferal faunas, for it was during this 
period that the family reached its evolu- 
tionary peak. Most of the structural types 
of the family are already present in the 
Lower Jurassic (Glaessner, 1945, p. 133). 
Throughout the Jurassic, however, the 
large, diverse populations of the Lagenidae 
are characterized by much variation, and 
species and genera are not sharply defined. 
Practically all of the generally recognized 
criteria for distinguishing genera and spe- 
cies show a wide range of modification 
within a single species of Lagenidae, and the 
classification of individual specimens is 
difficult. 

Most of the early work on Jurassic 
Foraminifera was done by Terquem who, in 
a sense, may be considered a:lumper, since, 
in his series of monographs on the Systéme 
Oolithique (Terquem 1868-1870) he in- 
cluded numerous dissimilar forms within 
many of his species. However, Terquem 
never did really subscribe to evolutionary 
theory and he was strongly influenced by 
the catastrophic doctrines of d’Orbigny. Al- 
though he often assigned broad limits to 
species, he had no underlying principles to 
guide his classification. Most taxonomists 
today would consider many of Terquem’s 
species to be a miscellany of heterogeneous 
specimens rather than populations of re- 
lated organisms; but his illustrations do re- 
veal a bewildering variety of lagenid forms 
and bring into relief the problems of classify- 
ing this difficult group. 

Most later workers have given much 
narrower limits to species than Terquem 
and have erected many new species inter- 
mediate or overlapping in structure with 
previously described ones. A large number 
of lagenid species have been described from 
the Jurassic, but, as noted by Macfadyen 
(1941, p. 29), many of them have been 


established on inadequate grounds and are 
without either genetic significance or prac- 
ical value. More recently, Barnard (1950a, 
1950b) and Adams (1957) have described 
variational patterns of some Lagenidae 
from the English Lias. Contrary to earlier 
workers, they have included a large variety 
of forms within the framework of a relatively 
few species. The recognition of variation, 
which involves a broader outlook of the 
morphological limits of species, has resulted 
in taxa of greater genetic significance and 
involves an approach which is in keeping 
with modern evolutionary concepts. 

There is no ‘‘philosopher’s stone’’ in 
taxonomy, no infallible means by which we 
can arrange specimens into a_ perfectly 
natural order. However, there are certain 
guides which can be used in classifying 
them into a system that most conveniently 
expresses their degrees of relationship in 
light of available information and is at the 
same time compatible with our present 
understanding of organic evolution. 

The most important guide in classifica- 
tion is, of course, morphology. However, 
taxonomy is not merely a classification of 
morphological parts, and other factors must 
be considered. These other factors include 
the distributional patterns and the transi- 
tional aspects of the specimens. Thus, if 
several distinct types occur, but are con- 
nected in a single assemblage by morpho- 
logically transitional forms, it seems reason- 
able to assume that only one species is pres- 
ent. 

The fact that the assemblage may include 
types characteristic of more than one pres- 
ently accepted genus should not weaken 
this conclusion as the presence of transi- 
tional forms in an assemblage is strong evi- 
dence of a single population. Conversely, if 
two dissimilar groups of specimens with 
separate distributional patterns contain 
relatively few identical variants, they may 
be considered distinct species. This latter 
situation arises among many of the unorna- 
mented forms. The structure of the test 
among these species is so simple that over- 
lapping forms are virtually indistinguish- 
able morphologically. The associations of 
these with forms transitional to other types 
in natural assemblages provide the clues to 
their relationships. 
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In classifying the Jurassic Lagenidae, it 
is important to consider the total morphol- 
ogy of the test. There are no morphological 
traits which taken singly can be used as ulti- 
mate guides to classification. Glaessner 
(1945, p. 132) mentioned that it is unfortu- 
nate that most of the genera are based on 
Recent species, thus giving a narrow frame- 
work within which to place the highly vari- 
able Jurassic forms. Practically all of the 
morphological criteria generally recognized 
as important in delimiting Recent genera 
and species exhibit a wide range of modifi- 
cation within a single Jurassic species. Con- 
sequently, “‘key characters’’ such as growth 
plan, outline of test, shape of cross-section, 
sutures, and proloculus must be viewed cau- 
tiously and evaluated in light of other fea- 
tures of the test. When treated this way, 
Jurassic species are apt to be more broadly 
conceived than is generally the case with 
Foraminifera and are less amenable to treat- 
ment by morphological keys. 

Among students of other invertebrate 
groups the tendency is to de-emphasize the 
significance of any single character and to 
consider the total morphology of the speci- 
mens and factors of distribution. Williams 
(1956) in a review of brachiopod morphol- 
ogy and classification has shown how on- 
togeny, shell structure, and deltidium have 
each at one time or other been used as 
a key guide to the classification of the 
higher categories of brachiopods, but all 
have proved unsatisfactory. The present 
trend in brachiopod systematics is to group 
the superfamilies according to their total 
resemblance. 

In regard to the status of trilobite classi- 
fication, Whittington (1953, p. 194) has 
stated, “If we can avoid being mesmerized 
by the importance that has so far been at- 
tached to cephalic sutures in classification, 
a different approach is possible, i.e., to con- 
sider all the exoskeletal characters . . . on- 
togeny and the distribution of genera in 
space and time.” 

Among the ammonites, the ultimate im- 
portance of suture line or position of 
siphuncle has been de-emphasized, and more 
emphasis has been placed on stratigraphic 
distribution of the genera. This scheme 
demonstrates the iterative evolutionary 
pattern of the ammonites; a pattern which 


also characterizes some of the lagenid 
lineages. 

The problems of classification of Jurassic 
Lagenidae are not unique. However, there 
still appears to be a strong tendency to think 
of foraminiferal genera and species in terms 
of particular structures rather than popula- 
tions of related organisms. Recent work on 
the Jurassic foraminiferal faunas (Barnard, 
various papers; Adams, 1957) strongly sug- 
gests that the more flexible taxonomy will 
better express the relationships of the Juras- 
sic forms, at least. ‘‘Key’’ characters should 
be treated cautiously, and classification of 
specimens should take into consideration 
the totality of traits, transitional aspects of 
the specimens and their distributional pat- 
terns. 

Although the purpose of taxonomy is to 
express the degrees of relationships among 
organisms, matters of convenience must 
also be considered, Consider, for example, 
the case of Gryphaea. Trueman (1922) has 
shown that forms of this genus have arisen 
independently from various stocks of Ostrea 
in the Jurassic and the Cretaceous. The 
evolutionary pattern is iterative, and 
strictly speaking each gryphaeoid form 
should be considered a separate genus. Few 
taxonomists would endorse such a scheme, 
however, as it would involve a large num- 
ber of structurally identical genera for a 
relatively small group. Linnean classifica- 
tion has its limitations and it is doubtful 
that it could be used to express all of the 
intricate degrees of relationships in any 
particular group, if the phylogeny of the 
group were completely known. As stated by 
Simpson (1945, p. 17), a certain amount of 
compromise is necessary in classification. 

In dealing with the Lagenidae we have 
the dubious good fortune of having to com- 
promise very little, since the phylogeny of 
this family is still poorly understood. Struc- 
turally, the Jurassic forms are very similar 
to the Recent ones and most of the Jurassic 

species are referred to Recent genera. It is 
possible that many of these genera repre- 
sent morphologic grades rather than con- 
tinuous lineages. In fact, Brotzen (1953) be- 
lieves that there is but distant relationship 
among the lagenid types of different ages 
and has suggested that new generic names 
be given ‘‘for different evolutionary stages.” 
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Unless there are new morphologic criteria or 
a firm phylogenetic basis for distinguishing 
these genera, however, the mere addition of 
new names is not going to contribute to our 
understanding of this group. Until we have 
a better understanding of the existing large 
number of genera, artificial though they 
may be, it seems better to proceed within 
the framework of present classifications, and 
to avoid as much as possible the premature 
addition of new names. 


VARIATION OF BATHONIAN LAGENIDAE 


Descriptions of individual lagenid species 
are given elsewhere (Cifelli, 1959). Some of 
the more general trends in variations are 
summarized here. The patterns of variation 
can be determined only if sufficient speci- 
mens are available for a particular species. 
Where a species is represented by rare, 
isolated individuals, transitional forms are 
lacking and relationships cannot be reliably 
inferred. It might be expected that the 
maximum variation of a species would be 
observed in those assemblages in which it is 
most abundant. This is generally, but not 
entirely, the case. As was observed by 
Barnard (1950a, p. 383) in the Lias, varia- 
tion often tends to be sporadic, without any 
discernible phyletic trends. Occasionally a 
species may occur in abundance at a par- 
ticular horizon and exhibit little variation. 
Yet the same species at another horizon may 
be highly variable, though no more abun- 
dant. 

Commonly these fluctuations in the 
amount of variation involve separate mor- 
phologic features. For example, in the lower 
part of the Wattonensis Beds on the Dorset 
Coast, Planularia beierana (Cifelli, 1959, 
p. 300) exhibits a wide range of modification 
of the suture line, and all forms of suture 
from moderately depressed to limbate 
occur. Often, there is much variation on a 
single specimen. In the upper part of the 
Wattonensis Beds, exposed on the Dorset 
Coast, the suture line of this species is 
reasonably stable and on most specimens 
they are either flush or very slightly raised. 
However, the forms of the last chambers of 
these specimens are highly variable, and 
many are chevron shaped, like those of 
Neoflabellina (see below). In the overlying 
Upper Fuller’s Earth Clay the suture line is 
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slightly depressed and chevron chambers 
do not occur. The species exhibits little 
variation in these younger beds even though 
it occurs in abundance. 

The morphologic variations might, of 
course, be attributed to migrations of 
similar but separate species rather than to 
fluctuations in the variation of a single 
species. Careful examination of the speci- 
mens, however, reveals that there is no 
adequate way of separating them into 
groups with mutually exclusive characters. 
It is highly unlikely that the same ‘‘species”’ 
splits from these assemblages would be sug- 
gested by two independent workers or that 
one worker’s splits could be recognized by 
anyone else. The sporadically shifting 
variational pattern appears to be real, and 
probably reflects the genetic responses of a 
species to changing environmental condi- 
tions. 


UNCOILING IN LENTICULINA 


Perhaps the most common variational 


‘feature observable among the Bathonian 


Lagenidae is the degree of coiling in Lenticu- 
lina (text-fig. 1,2). In the Bathonian most 
representatives of this genus are tightly 
coiled. However, among all of the species 
which occur in abundance, various degrees 
of uncoiling are observable. In L. munstert, 
L. subalata, L. varians and L. tricarinella 
(Cifelli, 1959) occasional variants exhibit 
uncoiling, with the spire composing less than 
one half of the test and the remainder of the 
chambers arranged in a linear or a gently 
curved series. Some of these specimens are 
structurally identical with Marginulinopsis 
(text-fig. 1D). On occasional specimens of 
L. tricarinella the spire is incompletely de- 
veloped and the growth plan does not cor- 
respond particularly well with any previ- 
ously described genera (text-fig. 2A—D; 
particularly text-fig. 2A). 

In L. quenstedti, the coiling is more con- 
stant. Extreme uncoiled forms such as oc- 
cur in the above-mentioned species were not 
observed in L. quenstedti, and the test of this 
species is always dominantly coiled. In some 
individuals the last one or two chambers 
tend to uncoil, but these chambers con- 
tinue to overlap on the adoral margin. Oc- 
casionally, a more or less opposite tend- 
ency occurs in this species, in that the 
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TEXT-FIG. 1—Variation in coiling of Lenticulina munsteri (Roemer). 


later chambers sometimes tend to overlap 
the previous ones on the lateral margins. 
The resulting test is highly involute, and a 
new variety has been recognized on this 
basis (Cifelli, 1959, p. 294). 

The relationships of the Jurassic species 
defined on an uncoiled growth plan are ob- 
scure and wiil remain so until topotypic 
suites of these species are examined. It is 
possible that many of them are actually 
variants of coiled species. 

The unornamented forms are particularly 
difficult to place because of the simplicity 


of their structures. Macfadyen (1936, 1941, 
p. 30) and Barnard (1950b, p. 7) have in- 
cluded most of the Jurassic smooth uncoiled 
forms in Lenticulina matutina (d’Orbigny). 
However, Barnard noted that the spire of 
this species is identical with the adult of L. 
munstert (Roemer). In the English Bath- 
onian (Cifelli, 1959, p. 292), forms identical 
with L. matutina were observed to occur 
only as variants of L. munstert. This, along 
with the fact that published records indi- 
cate closely parallel time and geographic 
distributions of L. matutina with L. munsteri 





TEXT-FIG. 2—Variation in coiling of Lenticulina tricarinella (Reuss). 
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suggests that the two species are one and the 
same. 

As a matter of fact, all uncoiled forms of 
Lenticulina observed in the English Bathoni- 
an occurs as variants of normally tightly 
coiled species of this genus. I have recognized 
no species in the English Bathonian that can 
be distinguished by its degree of coiling. 

Some authors (e.g., Tappan, 1955; Nor- 
vang, 1957) have assigned Jurassic species 
to Marginulinopsis, a genus characterized 
essentially by the presence of an early coil 
and an elongate series of later chambers. 
The wide range of variation in coiling shown 
in Bathonian species of Lenticulina, how- 
ever, suggests that this feature is of little 
taxonomic significance. 


CHEVRON CHAMBERS IN PLANULARIA 


The close similarity in the Jurassic be- 
tween many coiled lagenid species and 
chevron chambered species variously re- 
ferred to as Flabellina, Neoflabellina and 
Falsopalmula has been long recognized. 
Terquem observed that many species of 
‘Flabellina” in the Systéme Oolithique 
were indistinguishable from species of 
“Cristellaria,”’ except for the last chambers, 
which in the former genus are chevron 
shaped. So impressed was he with the re- 
semblance that he even applied the same 
specific name to species of the two different 
genera, e.g. Cristellaria anomala, Flabellina 
anomala; Cristellarta semiinvoluta, Fabellina 
semtinvoluta. He believed that this simpli- 
fied identification although he did not in- 
tend to imply any relationships by this 
scheme. 

The possibility that these forms might be 
closely related seems to have been largely 
ignored until Bartenstein (1948, p. 124) 
established the genus Falsopalmula for the 
Jurassic chevron chambered forms and 
showed that each species of this genus is 
closely related to, and derived from, a 
species of Planularia. By definition, the 
genus is polyphyletic. In a study of the 
Lias of Byfield Barnard (1950b) included 
chevron chambered forms in both Planu- 
laria pauperata Jones and Parker and 
Lenticulina varians (Borneman). Adams 
(1957, p. 219) observed a close parallel in 
the variational patterns of Planularia and 
Falsopalmula in the Upper Lias of Lincoln- 
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shire. Although Adams followed the con- 
ventional taxonomic procedure and _ as- 
signed all of the chevron chambered forms 
to the genus Falsopalmula, he concluded: 
“The variation seen in Falsopalmula paral- 
lels that of Planularia so closely as to sug- 
gest that, bearing in mind Bartenstein’s 
earlier evidence, almost any species of 
Planularta, at least in the Upper Lias, may 
produce equitant chambers and thus be- 
come a Falsopalmula.” 

In the English Bathonian chevron cham- 
bers occur in variants of Planularia beterana. 
In some specimens these chambers are well 
established, and on the basis of this single 
morphological feature would be referable to 
the genus Falsopalmula. However, the 
chambers are very irregular in their devel- 
opment, and on many specimens they are 
only partially formed. This is shown in 
specimens from the Wattonensis Beds from 
the Dorset Coast which are illustrated in 
text-figure 3, and all are from a single 
sample. The number of chevron chambers 
on the specimens varies between one and 
three. On some specimens they, are sym- 
metrical with both arms of the chevron be- 
ing of equal length, while in others they are 
asymmetrical, because of the unequal over- 
lap on the two margins of the test. Often 
the symmetry of the chevrons varies on a 
single specimen. The chevrons form either 
by progressive overlap of one arm on the 
oral margin, or by a sudden change in the 
growth plan, with an abrupt overlap on the 
oral margin. The suite of specimens shows 
the irregularity in form of these chevron 
chambers, and reflects the instability of the 
character within the population. In other 
samples, occasional specimens are found in 
which the chevrons are highly symmetrical, 
and occupy the greater portion of the test. 
These forms are identical with many of the 
figured specimens of Falsopalmula deslong- 
champsi (Terquem). However, such speci- 
mens were always found to be associated 
with Planularia beierana, and it appears 
that, in most cases at least, genetic con- 
tinuity existed between the two forms. 

The published records of the chevron 
chambered forms in the Jurassic indicate 
that they are intimately associated with 
species of Planularia or Lenticulina. The 
conclusion, therefore, is that the genus 
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TEXT-FIG. 3-—Variation of Planularia beiterana (Gumbel) showing the occurence 
of chevron shaped chambers in some variants. 


Falsopalmula is a morphological type and 
includes variants of several distinct species. 
As far as can be determined, forms with this 
chamber arrangement did not split off from 
their parent populations during the Jurassic 
except, perhaps, in rare instances. This 
qualification is made because occasional 
chevron chambered forms are found in the 
Bathonian which cannot be shown to be 
transitional to Planularia. 

In the rare instances where this has been 
thus far observed the total number of 
specimens was small so that the absence of 
transitional forms may have been due to 
collection failure. But there is also the in- 
triguing possibility that these may record 
cases where chevron forms did actually lose 
genetic continuity with the parent popula- 
tions and split into separate species. More 
data are needed from closely spaced samples 
in continuous sections. With the aid of 
biometrics a detailed study of these forms 
may yield information of fundamental im- 
portance concerning the evolutionary pat- 
terns of Foraminifera. 

The fact that specimens corresponding in 


structure to the genus Falsopalmula occur 
in species of Planularia results in an awk- 
ward problem of taxonomy. The manner in 
which the problem is treated depends largely 
on one’s own particular philosophy. From a 
phylogenetic point of view a good guide in 
such circumstances is a point of taxonomy 
emphasized by Simpson (1945, p. 17), ““The 
animals assigned to a given group are more 
closely related to each other than they are 
to the members of other groups of equal 
rank.”’ In view of this and all that has been 
said previously there seems to be no need 
for the genus Falsopalmula; for the pres- 
ent, at least, the relationships of the chevron 
forms can be better expressed by including 
them in species of Planularia. If it should be 
later discovered that phyletic groupings of 
chevron chambered forms do exist in the 
Jurassic, then, of course, the matter would 
have to be reconsidered. 

What would appear to be a different 
philosophy was expressed by Tappan (1955, 
p. 54) who took exception to Barnard in- 
cluding chevron forms in Lenticulina varians 
and stated, “‘it is legally impossible to con- 
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sider a single species as belonging to two 
genera or subgenera.”’ If genera and species 
are considered from a purely morphologic 
point of view, there is merit to this objec- 
tion. However, the splitting of a natural 
transitional assemblage into two artificial 
genera does not seem to me to be in the best 
interests of taxonomy. 


TROCHOID CHAMBERS IN LENTICULINA 


In certain variants of Lenticulina sowerbyi 
(Schwager) and L. turgida (Schwager), oc- 
curring in the English Bathonian, the last 
chamber overlaps on to one side of the 
preceding chamber, resulting in a trochoid 
growth plan characteristic of Darbyella. 
Tappan (1955, p. 51) assigned trochoid 
forms from the Upper Jurassic of the Arctic 
slope to this genus (Darbyella volgensis Tap- 
pan), but noted that many species in the 
Jurassic and Lower Cretaceous are grada- 
tional between Lenticulina and Darbyella so 
that the two genera may be synonymous. 
The Jurassic forms, however, have radiate 
apertures while Darbyella was defined as 
having an aperture with an elongate slit. To 
my knowledge the slit-like aperature does 
not occur in any of the Jurassic coiled 
lagenids. This difference in the nature of 
the aperture provides a possible means of 
distinguishing the homeomorphous Jurassic 
forms from Darbyella, a genus that does 
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not appear until the Cretaceous and was 
probably derived from Robulus. 


TRIANGULAR CROSS-SECTION IN LENTICULINA 


Adams (1957, p. 206) has discussed the 
variable nature of cross-sectional shape in 
the lagenids occurring in the English Lias. 
In the Bathonian, marked modifications in 
cross-section occur in Lenticulina galeata 
(Terquem) and = Lenticulina  tricarinella 
(Reuss). Both of these species are normally 
rather compressed in cross-section, the mar- 
gins of the test being more or less parallel. 
This is particularly true of L. tricarinella; 
L. galeata is generally slightly biconvex in 
cross-section. Occasionally, marked varia- 
tion in this morphological feature occurs, 
and both species include variants which are 
triangular in cross-section, as is charac- 
teristic of the genus Saracenaria (text-fig. 4). 

Isolated specimens of these variants might 
be called Saracenaria sp., except for the 
fact that they have been observed in large 


_ populations and the relationships can be 


reliably inferred. This modification is not 
common in the Bathonian and Saracenaria- 
like specimens are rare, even among large 
suites of specimens. It is, however, an ex- 
ample of a structural type occurring in two 
distinct species, neither of which species 
was seemingly ancestral to those charac- 
terized by triangular cross-sections. 


TEXT-F1G. 4#—Variation in shape of cross-section of Lenticulina galeata (Terquem). 
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To complicate matters there occurs in 
the Bathonian Saracenaria triquetra (Gum- 
bel), which is a distinctive form, and seem- 
ingly unrelated to any species of Lenticulina 
observed in the Bathonian. Saracenaria 
triquetra is consistently triangular in cross- 
section and is known from strata as old as 
Lias. Whether individual triangular speci- 
mens belong with species of Lenticulina or 
Saracenaria can only be determined by 
studies of suites of specimens. The situation 
is admittedly awkward, and identification 
of isolated specimens depends on the judg- 
ment and experience of the investigator. 

Uncoiled forms of Saracenaria are some- 
times placed in the genus Saracenella. As 
previously shown, however, the degree of 
coiling is an extremely variable character 
and unreliable taxonomically. At any rate, 
Cushman (1948, p. 218) has pointed out 
that the type of Saracenaria is apparently 
an uncoiled form, and the two genera are, 
therefore, synonyms. 


NODOSARIA-PSEUDONODOSARIA COMPLEX 


Barnard (1950b, p. 26) described the 
variation in shape of chambers during 
growth of individuals of Pseudonodosaria 
vulgata (Borneman). The shape of the 
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TEXT-FIG. 5—Variation in shape of chambers of Pseudonodosaria hybrida (Terquem and Berthelin). 


chambers varies from pupiform, which is 
typical of the genus, to nodosarine; in some 
specimens the chambers are dominantly 
nodosarine and the specimens are indis- 
tinguishable from species of Nodosaria. Ac- 
cording to Barnard (1950, p. 26), forms sim- 
ilar to P. vulgata and with similar variational 
patterns occur in the Gault of the Cre- 
taceous. Barnard does not believe that there 
is close relationship between these forms 
and those of the Lias, but, instead, he re- 
gards the similarity as a form of mimicry. 

In the Bathonian the same kind of 
variation occurs in Pseudonodosaria hy- 
brida (Terquem and Berthelin), shown in 
text-figure 5. Pupiform chambers are the 
most common among individuals, other- 
wise the species might just as well be 
referred to Nodosarta. 

A somewhat similar pattern of variation 
occurs in Nodosaria opalini Bartenstein. 
This species is common in the Bathonian of 
England and is easily recognized by its fine 
longitudinal costae. Both nodosarine and 
pupiform chambers occur (Cifelli, 1959, p. 
315), but the nodosarine ones are dominant 
and the species is referred to the genus 
Nodosaria. 

Pupiform chambers were also observed 
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TEXT-FIG. 6—Variation in chambers of Dentalina intorta Terquem, 
showing axial twist of last chamber in variants. 


in Dentalina propinqua (Cifelli, 1959, p. 
311). This species is also common in the 
English Bathonian, but its generic position 
is problematic. It is placed in Dentalina 
because the test is most often arched, and 
the chambers are generally constricted. The 
sutures, however, are usually transverse, as 
in Nodosaria, and, as mentioned, pupiform 
chambers do occur occasionally. To further 
complicate matters, the test often exhibits 
much compression, and the aperture is only 
faintly radiate. Both of these features are 
characteristic of Jurassic Lingulina. The 
species, then, contains specimens which, on 
the basis of morphology, might possibly be 
assigned to any of four different genera. It 
is placed in Dentalina because of the 
dominance of dentaline features. 

The relationship of these species is ob- 
scure and the choice of a genus for each of 
the species is based on the most common 
occurring type. This is an unhappy com- 
promise to our present state of knowledge. 
What is needed is a thorough analysis of 
these forms at the species level from Lower 


Jurassic and older rocks. Ultimately, it 
may be possible to realign the genera to fit 
phyletic groups of species. 


AXIAL TWIST OF LAST CHAMBER 
IN DENTALINA 


The genus Dentalina is characterized by 
an arcuate test with the chambers ar- 
ranged in a linear series. The test is com- 
pressed to some degree and the chambers 
are arranged along a common longitudinal 
axis. In Dentalina intorta Terquem, the last 
chamber is highly variable, and in some 
specimens the axial plane of this chamber 
lies at an angle to that of the preceding 
one (text-fig. 6). The angle is variable, but 
generally it is less than 90°. Although D. 
intorta is common throughout much of the 
English Bathonian, this twist of the last 
chamber occurs but occasionally (in perhaps 
2% of the specimens). It was observed in 
specimens from the Forest Marble of the 
Dorset Coast, the Upper Fuller’s Earth of 
Somerset and the Fuller’s Earth of Ox- 
fordshire. The twisting in Dentalina intorta 
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was also observed in a specimen of this 
species in the Terquem collection at the 
Musée d'Histoire Naturelle, which had 
been collected by Terquem from the 
Fuller’s Earth at Metz. This variational 
feature, then, characterizes the species over 
a broad geographical extent, though it oc- 
curs but rarely in individual populations. 

The twisting of the axial plane in Denta- 
lina intorta is reminiscent of the growth plan 
of the early Polymorphinidae, in which the 
chambers of the test are arranged in a spiral 
series, with each succeeding chamber added 
at an angle to the preceding one. In D. 
intorta, only the last chamber deviates in 
angle from the preceding, and no spiral is 
actually produced. Fundamentally, the 
difference is that in the Polymorphinidae 
the spiral growth plan occurs early in the 
ontogeny while in D. intorta it begins in 
the very last stages of growth and probably 
lacks the opportunity to fully develop. 

According to Cushman (1948, p. 221) 
and Glaessner (1945, p. 133) the Poly- 
morphinidae were probably derived from a 
coiled lagenid ancestor early in the Jurassic, 
or possibly in the Triassic. It is not sug- 
gested here that the Polymorphinidae were 
derived from Dentalina, but the twist in 
axial plane of the last chamber in D. intorta 
suggests that the spiral growth plan may 
have occurred in more than one lineage of 
Lagenidae. It is indicative of the genetic 
plasticity of this family and of the kinds of 
parallelisms that are possible. 


LINGULINA AND FRONDICULARIA 


Two closely related genera are Lingulina 
and Frondicularia. These genera are dis- 
tinguishable from each other only by the 
shape of the suture, which is transverse in 
Lingulina and chevron-shaped in Fron- 
dicularia. For the most part, the sutures 
are distinctly of one or the other type and 
specimens are readily assigned. There is 
overlap, however, and that species of the 
two genera are closely related is indicated 
by the similar variational patterns (Cifelli, 
1959, p. 326). 

Barnard (1956, p. 271) observed that all 
specimens of Lingulina from the English 
Lias began with a spherical proloculus and 
failed to reveal a coiled microspheric 


proloculus. This is also true of the Bathonian 
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Lingulina and Frondicularia. In addition, 
the apertures of both forms are variable, 
and include rounded as well as radiate forms. 
They differ, therefore, from their more 
modern counterparts in this respect and 
may possibly be homeomorphous forms. As 
with other lagenids, the determination of 
relationships will require a thorough strati- 
graphic analysis at the species level, in this 
case involving forms intermediate in age 
between the Jurassic and the Recent. 


SIGNIFICANCE OF VARIATION 


The fact that most of the structural types 
of the Lagenidae are present in the Lower 
Lias is an indication that much of the evolu- 
tion of this family occurred before the Juras- 
sic. Foraminiferal faunas from the Triassic 
are notably meager, but there are many 
similarities between them and those of the 
Jurassic. Consequently, many of the an- 
cestral forms of the Lagenidae are to be 
sought in Triassic and probably older rocks. 

The great diversity and abundance of the 
Lagenidae relative to the other Foraminifera 
in the Jurassic indicates that they were still 
undergoing divergence and adaptive radia- 
tion at this time. Characteristic of or- 
ganisms in the early period of their evolu- 
tionary development, they exhibit a low 
degree of morphological stability. This is 
reflected in the morphology of the test, 
which is highly variable within the limits 
of a single species. 

Many variants of particular species con- 
tain morphologic features diagnostic of 
later, or sometimes, contemporary genera. 
This, actually, is what one would expect to 
occur among ancestral forms, as variation 
provides the ‘‘building blocks”’ of evolution, 
and the structural types characteristic of 
of genera should occur first as variations 
among ancestral species. It might also be 
expected that within an evolving group of 
organisms similar mutations would occasion- 
ally arise among related but distinct lin- 
eages, producing similar morphologic vari- 
ants. Furthermore, if the mutations are re- 
current, it is probable that the same variants 
would appear time and time again in the 
same lineage or closely related lineages. 
The fate of such variants would depend 
largely on factors of natural selection. It is 
important that taxonomy should, toa de- 
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gree, reflect this variation, or else it will not 
be compatible with the evolutionary history 
of the group. 

It would be of interest to known some- 
thing about the source of the variation re- 
vealed by the Lagenidae. This, however, in- 
volves factors of genetics, and knowledge of 
living Foraminifera is still quite limited. 
The importance of studying living species as 
an aid in evaluating the taxonomic signif- 
icance of variations has already been 
stressed by Arnold (1953). The observations 
that Arnold (1954) has made on the chitin- 
ous Foraminifera Allogromia laticollaris are 
revealing. A living culture of this species 
yielded descendents with most of the basic 
growth pa‘ s of Foraminifera as well as 
wide variati_« in apertural characters and 
body shapes. Arnold has suggested that the 
procedures used in the study of Allogromia 
laticollaris might be used to determine 
variation of more complex species. It may 
well be that many Foraminifera are much 
more plastic in their genetic constitution 
than is generally allowed for, and living 
Foraminifera may be potentially capable of 
wide ranges of variation. 

The structural types of lagenid genera 
probably became established from varia- 
tions among ancestral species as a result of 
adaptations to new modes of life. However, 
the functional significance of the morpho- 
logical features of foraminiferal tests are 
virtually unknown. Quite possibly many 
of the test features are genetically linked 
characters and are external expressions of 
physiological factors. 

An interesting characteristic of the Juras- 
sic Lagenidae is the scarcity of discernible 
phyletic trends. A few have been described 
from the Lias by Bartenstein and Brand 
(1937), Barnard (1956) and Norvang (1957), 
but for the most part these are based on 
local successions and it is doubtful if many 
of these represent true evolutionary se- 
quences. The best documented one appears 
to be the Lingulina tenera ‘‘plexus.’’ Similar 
evolutionary trends of this form in the Lias 
were observed by Barnard (1956) in Eng- 
land and Norvang (1957) in Jutland. The 
species does not occur in the English 
Bathonian. Many other phyletic trends de- 
scribed cannot be confirmed elsewhere, and 
they may possibly reflect local population 


shifts, not representing persistent trends. 

Most often the variational aspects of a 
particular species change considerably from 
one assemblage to the next, without any 
apparent trends. To some degree these 
changes probably reflect genetic responses 
of a population to changes in environment. 
Arkell and Donovan (1952) have discussed 
the cyclic nature of the Great Oolite de- 
posits, and so there is good evidence for 
constantly changing environmental condi- 
tions in the Bathonian, at least. 

Despite the fluctuations in environment 
during the Jurassic, selection pressure for 
the Lagenidae was probably at a minimum 
during that time. Other foraminiferal fam- 
ilies had few representatives, belonging 
mostly to primitive genera, in the Jurassic, 
and must have offered little competition. 
Low selection pressure, due to little com- 
petition, might possibly be responsible for 
the high degree of variation exhibited by 
the Lagenidae. Undoubtedly lagenids in- 


.habited a great range of environmental 


niches in the Jurassic, as they do today, 
and because of the lack of competition they 
dominated most of the environments. After 
the Jurassic, other families evolved rapidly 
and must have seriously competed with 
the Lagenidae. As a result, the _ post- 
Jurassic lagenids seldom dominate the as- 
semblages in which they occur, and gen- 
erally exhibit less variation, even though 
they are still widely distributed. 


ANCESTRY OF THE LAGENIDAE 


There has been much divergence of 
opinion concerning the ancestry of the 
Lagenidae. Probably most students of 
Foraminifera have considered Lenticulina, 
or similar coiled forms, to be the most primi- 
tive (Glaessner, 1945, p. 133). Chapman, 
Howchin and Parr (1934) have held an 
opposite view, and considered that the 
Lagenidae evolved from a straight or openly 
curved form. Their conclusion was based 
on a study of Permian Foraminifera from 
Australia, where closely coiled forms ap- 
peared to be absent. The problem of 
lagenid origin and evolution has been re- 
cently reviewed by Norvang (1957, p. 32) 
who believes that the coiled forms are de- 
rived from the uncoiled ones. Norvang’s 
convictions are based largely on his study 
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of Lias forms of Jutland. Norvang observed 
that no forms of Lenticulina occur in the 
basal Lias, and that the Lias species of 
Lenticulina appear to have developed grad- 
ually from Marginulina (Norvang, 1957, p. 
30). 

From the observations of Barnard (1950a) 
however, it would appear that comparable 
trends do not exist in the Lias of the Dorset 
Coast, England. Although Lenticulina was 
not recorded from the lowermost zone there, 
it was recorded in abundance in the Angula- 
tum Zone, which is low in the Lias. Further- 
more, Barnard emphasized the central tend- 
ency of the coiled form, from which the un- 
coiled types appear as variants. Certainly, 
there is no indication of a progression from 
uncoiled to coiled type. Quite probably the 
trends noted by Norvang from the Lias of 
Jutland are local, and are not of general 
phylogenetic significance. 

One of the chief reasons for considering 
the linear forms as primitive has been the 
absence of coiled types in systems older than 
Jurassic. Recently, however, species of 
Astacolus and Lenticulina have been de- 
scribed from the Triassic of Alaska (Tap- 
pan, 1951) and the Permian of Australia 
(Crespin, 1958). 

The existing data on the pre-Jurassic 
Lagenidae are too meager to justify any 
significant conclusions concerning the early 
ancestry of the family. Whether the earliest 
forms were coiled or straight, it seems 
doubtful that the structural types of the 
later genera originated by a progression of 
transitional forms from one to the other. 
The variational patterns exhibited by the 
Jurassic species show that identical struc- 
tural types may originate independently 
from distinct lineages and at different 
times. Evidence for phyletic trends from one 
morphological type to another is uncon- 
vincing. On the other hand, individual 
populations exhibit a wide range of modi- 
fication in test morphology, and it is not 
uncommon to find structural types (such as 
growth plan) characteristic of more than 
one genus within a single species. 

The structure of the lagenid .test is rel- 
atively simple, and the number of mor- 
phological modifications are limited. There 
is much variation, but the variation is 
based on relatively few themes. There can 


be no doubt that when viewed in detail 
many of the genera as generally conceived 
are polyphyletic. To clarify the phylogeny 
of the Lagenidae detailed studies of the 
whole family are needed which include 
representatives of all ages. Moreover, the 
role of variation in the evolution of the 
group should not be overlooked, and 
variants should not be disguised with 
separate generic names. 
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PERMIAN CORALS FROM NEVADA AND CALIFORNIA 


W. H. EASTON 
University of Southern California, Los Angeles 7, California 


ABSTRACT—Seven species of rugose corals are described from Permian (mostly 
Leonard Series) strata in the Basin and Range Province of Nevada and California. 
Caninia trojana, Lithostrotionella mokomokensis, Lithostrotionella dilatata, Diphy- 
phyllum connorsensis, Thysanophyllum princeps, Lonsdaleia illipahensis, and 
Lonsdaleia cordillerensis are named. The corals occur in thick successions of com- 
monly cyclical alternations of limestone and sandstone near the eastern margin of 
the Cordilleran geosyncline. Local distribution and biostromal development can 
be used in subdividing and mapping the Permian strata of east-central Nevada. 





INTRODUCTION 


HICK deposits of marine strata of 

Permian age crop out in the Basin and 
Range Province in California, Nevada, and 
Utah. Although paleontologists have de- 
voted some attention to the fusulinids in 
these Permian beds, much more descriptive 
work is needed on all phases of paleontology. 
The purposes of this paper are to describe 
some species of corals from the area and to 
show their stratigraphic occurrence in the 
Permian System. 

Permian corals have been discovered in- 
frequently in North America, partly be- 
cause of the restricted nature of Permian 
seas and partly because of seemingly ad- 
verse environments for growth of corals in 
those seas. Known Permian faunas include 
several corals which have been described 
from the midcontinent by Moore & Jeffords 
(1941), who also (1941, p. 67,68) review 
the previous works in that area. Permian 
corals from British Columbia have been de- 
scribed by Smith (1935); from Oregon, by 
Merriam (1942); and from California, by 
Langenheim & McCutcheon (1959). 

Corals are locally very abundant in 
Permian strata of the Basin and Range 
Province. Indeed, they may comprise bio- 
stromes a foot or more in thickness. More- 
over, some species are widespread, ranging 
north-south over a distance of at least 500 
miles from northeastern Nevada to south- 
eastern California. It is probable that the 
corals occupy an east-west zone at least 
200 miles wide in the region between the 
Confusion Range of west-central Utah and 
the Eureka district of east-central Nevada. 
Thus, a coralline facies of the marine Per- 
mian strata seems to have been deposited 


along the eastern or continental side of the 
Cordilleran geosyncline. 

It has been the good fortune of the 
writer to be able to study and to collect 
from numerous successions of Permian 
strata in the Cordilleran region. This work 
was begun in 1947 and has continued 
through most of the succeeding summers. 
During parts of five summers the writer was 
engaged in mapping with students enrolled 
in the summer field geology courses con- 
ducted by the University of Southern Cali- 
fornia in White Pine County, Nevada. Sev- 
eral summers were spent in paleontologic 
and stratigraphic studies of Permian and 
other strata on other projects. It is a pleas- 
ure to acknowledge my indebtedness to nu- 
merous students, faculty colleagues, and to 
various other geologists for assistance in the 
field work. Coliections described herein 
which were originally made in the course of 
field investigations for Union Oil Company 
of California have been deposited at the 
University of Southern California through 
the kindness of Dr. J. C. Hazzard. 


STRATIGRAPHY 


Corals are described from two Permian 
localities in the southern part of the Basin 
and Range Province. The detailed strati- 
graphic succession of Permian rocks in the 
Providence Mountains of southeastern 
California has been published by Thompson 
& Hazzard (1946), and the general se- 
quence of Permian strata in the Spring 
Mountains of southwestern Nevada has 
been discussed by Longwell & Dunbar 
(1936). 

Only part of the thick Permian succession 
in east-central Nevada has been published 
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in detail. Knight (1956) has published 
graphic sections of two stratigraphic suc- 
cessions of Leonard strata in White Pine 
County. Additional detailed measurements 
are available for somewhat lower strata in 
the same county through unpublished re- 
search by Ehring (1957). Most of the corals 
to which reference is made herein were col- 
lected from Permian strata in White Pine 
County. 

The Permian succession in east-central 
Nevada is one of the thickest discovered in 
North America. It is possible that over 
7000 feet of Permian strata are represented 
there, of which at least 5000 feet are refer- 
able to latest Wolfcamp and _ Leonard 
Epochs. Corals have not been discovered in 
the latest Leonard or in the Guadalupe 
strata in the areas studied. 

The Permian succession pertinent to this 
report is depicted schematically in text- 
figure 1. Thicknesses are only approximated 
because the section is a composite of out- 
crops at several localities. The region is one 
of considerable structural complexity, in 
addition to which the western outcrops in 
the region represent a more carbonate-rich 
facies than is present in the eastern out- 
crops. Solution of some perplexing struc- 
tural and stratigraphic problems has been 
materially assisted by use of corals in a 
block of quadrangles consisting of the Ely, 
Illipah, Illipah 1 advance sheet, Treasure 
Hill, Pancake Summit, Green Springs, and 
Buck Mountain quadrangles. 

The most nearly complete and readily 
accessible locality in which the Late 
Paleozoic rocks can be studied in the area 
lies along U. S. Highway 50 in the east half 
of the Illipah quadrangle, about 30 miles 
(airline) west of Ely, Nevada. The Illipah 
section has been studied by many geol- 
ogists engaged in exploratory programs of 
oil companies in Nevada between 1948 and 
the present. The section lies within the re- 
gion mapped during several summers by 
students at the summer field geology camp 
of the University of Southern California. 





Text-F1G. 1—Schematic and composite strati- 
graphic section of the coral-bearing Permian 
strata in White Pine County, Nevada. 
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Permian strata in the area rest with ap- 
parent concordance upon the Ely limestone 
of Early Pennsylvanian age. The Ely lime- 
stone consists of about 1500 feet of massive 
to platy, grey limestone. Detailed informa- 
tion on the stratigraphy and paleontology 
of the Ely limestone will appear in a future 
number of this journal in an article by 
Bernard O. Lane. 

The basal unit of Permian rocks mapped 
by us is the Rib Hill formation. Its lower 
limit is determined by the presence of a 
thin, chert pebble conglomerate. The suc- 
ceeding limestones account for as much as 
300 feet of section at some localities, but 
more generally only the uppermost bed of 
coralline limestone about 30 feet thick is 
present. This massive unit locally is almost 
a biostrome of colonial corals. It comprises 
zone 1 of the coral succession. The remain- 
der, and principal part, of the Rib Hill 
formation consists of pink to yellow sand- 
stone in the eastern facies but becomes in- 
creasingly calcareous and evenly buff in 
color westward. The arenaceous portion of 
the Rib Hill formation is about 1000 feet 
thick. 

The Arcturus formation overlies the Rib 
Hill formation conformably and comprises 
about 2000 feet of strata. In its eastern 
facies near the type section (as on the west 
grade leading up to Murry Summit) the 
Arcturus formation consists of numerous 
beds of pink to yellow sandstone inter- 
calated with grey limestone in crudely 
cyclical alternations. The western facies, 
however, is even less cyclical in appearance 
and the sandstones are more uniformly 
buff and are very calcareous. Toward the 
western margin of the mapped areas the 
Rib Hill and Arcturus formations become 
difficult to differentiate. The base of the 
Arcturus formation, however, is a wide- 
spread, massive succession of limestones 
which contain biostromes of corals referred 
to herein as zone 2. Corals occur less abun- 
dantly in other limestone beds within the 
Arcturus formation, particularly in the 
lower strata. 

The uppermost strata containing corals 
discussed herein comprise a strikingly cycli- 
cal sequence of criquina, grey sandstone, 
and fusulinid-rich, buff limestone. The 
whole succession produces prominent cliffs 
and bench-and-bluff topography in the high 
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ridge north and south of Moorman Ranch 
in the IIlipah quadrangle. It is probable 
that this un-named unit is 2000 feet thick, 
although the upper part is inadequately 
known. Knight (1956) has published on the 
fusulinids in the succession. Corals occur in 
some of the limestone beds. 

Overlying the foregoing sequence at some 
places is a massive, white limestone about 
200 feet thick. It is referred to in text-figure 
1 as the ‘‘Kaibab” limestone because of its 
position in section. It occurs between strata 
of Leonard age and strata containing the 
Phosphoria fauna. Corals are not known 
from so-called Kaibab limestone. 


FAUNAL ANALYSIS 


The most unusual feature of the Permian 
coral fauna from the Basin and Range 
Province is the abundance of compound 
corals belonging to groups with a tendency 
for the development of some sort of axial 
structure. In Lithostrotionella and Lons- 
daleta the axial structure may be conspicu- 
ous, whereas it is reduced in Diphyphyllum 
and is absent in Thysanophyllum. Lithostro- 
tionella is noteworthy because this genus is 
widespread in Meramec strata (Middle 
Mississippian) from the Appalachian to the 
Cordilleran ranges. On the other hand, 
Lithostrotionella has been reported from 
Pennsylvanian and Permian strata of sev- 
eral countries, including Canada (Smith, 
1935). Merriam (1942) was the first to re- 
port Lithostrotionella from Permian strata 
in the United States (Leonard of Oregon). 

A second notable feature is the localized 
abundance of very large specimens of 
Cantinia. Caninia is common in Late Paleo- 
zoic strata in many regions of the world, in- 
cluding North America, but never before 
(to the writer’s knowledge) did species at- 
tain the breadth of the species described 
hereafter. 

A third, but negative, phenomenon is the 
apparent absence of species of Waageno- 
phyllum in the collections. Waagenophyllum 
is widespread in Leonard strata of other 
countries, and has also been reported from 
Oregon and British Columbia. Perhaps its 
presence will be proved by slicing of speci- 
mens from future collections in the Basin 
and Range Province. 

Faunal elements associated with the 
corals are meager. Fusulinids may _ be 
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locally abundant in coralline beds, but at 
other localities they are absent. A few 
specimens of the large gastropod, Omphalo- 
trochus, have been collected, particularly in 
the Arcturus formation. Dictyoclostus tvest 
also occurs here and there in these Leonard 
strata, but is rarely common. At a few 
localities large, ramose fronds of stony 
bryozoans and the spines and plates of the 
echinoid, Echinocrinus, occur with the 
corals. Crinoid ossicles, although tremen- 
dously abundant in many other beds, are 
not common in the coralline beds proper. 

The corals themselves may be conspicu- 
ously abundant, as in zones 1 and 2, where 
they approach the nature of biostromes. 
Specimens of the colonial corals range in di- 
ameter from an inch or two up to elongate 
colonies eight feet long and a foot or two in 
height. Most colonies are from six inches to 
a foot in diameter. Specimens are infiltrated 
and replaced by calcite in all cases, where- 
upon they appear as white masses against 
the grey matrix of the limestone bed. 
Surficial silicification has affected some 
colonies so that the nature of the calices is 
revealed and the axial structures can be in- 
spected with a hand lens in the field with- 
out resorting to preparation of thin sections 
or polished surfaces. 

In many instances the colonies are plano- 
convex and lie in their positions of growth 
with the convex side up. In structurally 
complex areas, however, the entire strati- 
graphic sucession may be inverted, in which 
case the corals assist in determining the 
true orientation of the strata. At several 
localities there is abundant evidence of dis- 
ruption of colonies by current action. Large 
ealonies two or three feet in breadth are 
lying on their sides with fragments of the 
colonies strewn about in the matrix. Coralla 
with cylindrical corallites are naturally 
poorly compacted and are therefore particu- 
larly prone to be broken apart. Reworked 
colonies, of course, cannot be used for 
determination of stratigraphic tops, but the 
lineation of the fragments reveals the di- 
rections in which currents flowed. 


STRATIGRAPHIC DISTRIBUTION 


Zone 1 is commonly dominated by the 
presence of Thysanophyllum princeps. It has 
been found at essentially every outcrop of 
the basal Rib Hill limestone examined, and 


is particularly abundant in the eastern 
portion of the region. It occurs much less 
commonly in the lower limestone beds of 
the Arcturus formation. Here and there in 
zone 1 occur Diphyphyllum connorsensis, 
Lithostrotionella dilatata, and Lonsdaleia cor- 
dillerensis, particularly in the western por- 
tion of the region. 

Zone 2 contains all seven species of corals 
described herein, but it is characterized by 
two species. Caninia trojana is confined to 
the top of zone 2 in east-central Nevada, 
although it seems to occur at a lower level 
(in the Wolfcamp Series) in the Spring 
Mountains of southern Nevada. The most 
conspicuous coral at most localities, how- 
ever, is Lonsdaleia cordillerensts. Its fascicu- 
late colonies may comprise most of the mass 
of many beds, and fragments of this species 
may occur in beds which seem to lack the 
corallites proper. The species also is present 
in limestone of Wolfcamp age in south- 
eastern California. Lithostrotionella dilatata 
is also a rather common element in the lower 
Arcturus strata. 

The upper cyclical limestone and sand- 
stone sequence does not comprise a dis- 
tinct faunal zone such as occurs in lower 
beds. Corals are less abundant than in lower 
strata and the fauna is more meager. Lons- 
daleia illipahensis is rather consistently 
present in the sequence, although not 
strictly confined to it. The species is less 
common in the Arcturus formation. Speci- 
mens of Lonsdaleia cordillerensis which 
occur at a few places in the sequence seem 
to be a variety with unusually broad coral- 
lites. 

The localities from which the corals were 
collected are described in a register ap- 
pended to this report. 


SYSTEMATIC DESCRIPTIONS 


Phylum COELENTERATA 
Class ANTHOZOA 
Subclass RUGOSA 

(TETRACORALLA) 
Family CYATHOPSIDAE Dybowski, 
1873 
Genus CANINIA Michelin in 
Gervais, 1840 


Diagnosis.—Caninia comprises solitary 
cyathopsids whose septa reach the center in 
early stages but retreat from the axis in 
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TEXT-FIGS. 2-4—Caninia trojana. 2—longitudinal section of paratype in mature region, USC 5015, 
locality 330, 1.3; 3—Transverse section of late mature region, paratype, USC 5016, locality 
330, X4; #—Transverse section in early maturity, paratype, USC 5017, locality 330, 1.3. 


amplexoid fashion in maturity; septa nor- 
mally are dilated in the tabularium; minor 
septa are short and are confined to the dis- 
sepimentarium; the cardinal fossula is dis- 
tinct but the alar pseudofossulae are indis- 
tinct; the dissepimentarium is narrow to 
wide, mostly consisting of herringbone dis- 
sepiments between septa; lonsdaleoid dis- 
sepiments may be present near the periph- 
ery. 

Remarks.—Caninia is particularly com- 
com in North America in Pennsylvanian 
strata. For instance, it occurs as minor bio- 
stromes in the Ely limestone of Nevada. 
The following species is noteworthy for its 
large diameter. It is the first species of 
Caninia described from the Permian of the 
Basin and Range Province. Caninia has 


also been referred to as Campophyllum and 
Pseudozaphrentoides in American literature. 


CANINIA TROJANA N. sp. 
Text-figs. 2-4 


Extertors——Corals are simple, very large, 
curved, and have an apical angle of about 
50°. The theca is very thin and either is 
smooth or bears faint septal grooves. The 
calyx is deep and is essentially flat-floored. 
The holotype, which is the largest rela- 
tively complete specimen, is 12 cm. long and 
is 9 cm. in diameter at the widest place; 
if this specimen were complete it would be 
about 15 cm. long. The deep axial portion 
of the calyx is about one-third as wide as 
the diameter of the coral. The cardinal fos- 
sula is on the concave side of the coral. 
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Transverse sections.—At the earliest ob- 
served stage of one specimen (diameter 
about 17 mm.) there are about 36 long 
major septa which are dilated until they 
essentially close off the intervening loculi 
and come within 2 or 3 mm. of meeting at 
the axis. About 5 major septa lie in each 
cardinal quadrant. Minor septa are not 
present. Possibly one rank of dissepiments 
is present. At a slightly later stage of the 
same specimen (diameter about 20 mm.) 2 
or 3 ranks of herringbone dissepiments are 
present in a few loculi but minor septa are 
not present. 

In early maturity (diameter 43 mm.) 
about 50 dilated major septa extend to 
within 5 mm. of the axis. Approximately 8 
or 9 major septa lie in each cardinal quad- 
rant. The short cardinal septum occupies a 
conspicuous fossula. Alar pseudofossulae 
are indistinct. Minor septa are absent. A 
dissepimentarium of 3 or 4 ranks of herring- 
bone dissepiments is as much as 4 mm. wide 
and is broadest on the counter side of the 
coral. Loculi are not closed off by dilation of 
septa. 

It is estimated that in late maturity 
(diameter about 90 mm.) 70 major septa are 
present in the holotype, of which possibly 
10 may lie in each cardinal quadrant. Septa 
are less dilated than in earlier stages and 
they leave an open space on the tabularium 
about 25 mm. in diameter. The dissepi- 
mentarium is as broad as 15 mm., which is 
half the length of the septa. Dissepiments 
are almost entirely herringbone, except in 
the outer edges at a few places where slender 
minor septa up to 5 mm. in length are pres- 
ent; whereupon a concentric pattern is as- 
sumed by dissepiments. From 18 to 20 
ranks of dissepiments may be present. 

Longitudinal sections.—Apical regions are 
devoid of dissepiments but the dissepi- 
mentarium appears shortly and _ widens 
distally. Long axes of dissepiments lie es- 
sentially vertically or are inclined apically 
and inwardly as much as 15°. Dissepiments 
are mostly 2 or 3 mm. long, but here and 
there one attains a length of 5 mm. From 
10 to 12 incomplete tabulae occur in 10 mm. 
in mature regions where they may be 
slightly concave axially. In youthful stages 
where the dissepimentarium is thin to lack- 
ing, only 4 or 5 tabulae are present in 10 
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mm. Tabulae near the periphery slope out- 
ward and apically. Tabulae in the axial re- 
gion of adult specimens are essentially 
horizontal and are slightly more numerous 
than in youthful stages. 

Comparison.—Caninia trojana is dis- 
tinctly the broadest caninoid coral yet dis- 
covered in North America, and possibly is 
the broadest known to science. Some phases 
of Caninia torquia from the Pennsylvanian 
of Illinois approach 60 cm. (2 feet) in length, 
but the broadest specimen there measured 
only 5.2 cm. (Easton, 1944, p. 127). 

Caninia trojana is larger than typical C. 
torquia, has more major septa in maturity, 
has less well developed minor septa, and 
has a less well developed dissepimentarium 
which is not introduced until late in the 
ontogeny. 

Another unusually large caninoid is the 
Upper Mississippian species, Caninia neva- 
densts (Meek, 1877) from the Brazer forma- 
tion of Stansbury Island in Great Salt Lake 
and from the Chainman shale of the Con- 
fusion Range, both localities being in Utah. 
Specimens with about 70 long septa attain 
a breadth of 7.5 cm. and may have been 25 
cm. in length, if they were complete. C. 
nevadensts is essentially cylindrical instead 
of flaring. 

Although caninoid corals occur locally in 
Late Paleozoic deposits in the Cordilleran 
region, the other species are all more cylin- 
drical than flaring, and are less broad than 
C. trojana. 

Occurrence—USC localities 330 (type 
locality), 331, 346, 348, 349. 

Material—Holotype, USC 5104. Para- 
types, USC 5105-5110. Topotypes, USC 
5111. Other specimens, USC 5131, 5132, 
5134, 5137. Collection contains 33 speci- 
mens. 

Remarks.—Some of the herringbone dis- 
sepiments present in C. trojana differ some- 
what from typical herringbone dissepiments 
because the present ones commonly consist 
of a transverse plate like a concentric dis- 
sepiment, against which two oblique plates 
abut across the outer angles. 

Strata containing C. trojana in White 
Pine County lie near the base of the Para- 
fusulina zone of Leonard fusulinids, whereas 
strata with C. trojana in the Spring Moun- 
tains contain Wolfcamp fusulinids. 
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Family LITHOSTROTIONIDAE 
d’Orbigny, 1851 


Diagnosis —Compound rugose corals with 
the inner end of the counter septum func- 
tioning as an axial plate, but axial struc- 
tures may be lacking in some strains. The 
dissepimentarium is lonsdaleoid in some 
groups. 

Remarks——McLaren & Sutherland (1949) 
have indicated that several genomorphs of 
Lithostrotion can be differentiated on the 
basis of variation in strength of axial struc- 
tures, circular or prismatic corallites, and 
presence or absence of lonsdaleoid dis- 
sepiments. Their system is followed in part 
herein and genomorphs of Lithostrotion are 
indicated by brackets. 


LITHOSTROTION [THYSANOPHYLLUM] 
PRINCEPS N. sp. 
Text-figs. 5,6 


Exteriors —Coralla are composed of pris- 
matic corallites which are mostly 6 mm. in 
diameter. Coralla commonly attain diam- 
eters of 10 to 15 cm. but one mass 240 cm. 
in length and 20 cm. thick was observed in 
an outcrop. Calices are rather deep. Calical 
floors are almost flat or are gently convex. 

Transverse section.—Corallites are ir- 
regularly polygonal and are separated by 
ungrooved thecae whose plane of juncture 
is denoted by a dark line. From 14 to 16 
major septa extend across 3 of the radius. 
Minor septa, when present, commonly are 
merely short spines which scarcely pene- 
trate one rank of dissepiments. Dissepi- 
mentaria commonly are composed of no 
more than 3 ranks of dissepiments. Mar- 
ginal dissepiments commonly are _lons- 
daleoid but are not consistently of that pat- 
tern. Inner dissepiments and some mar- 


ginal dissepiments are almost all concentric. 
Very few herringbone dissepiments are 
present. The tabularium is devoid of axial 
structures in most instances, but in a few 
sections there are isolated segments which 
might be either broken tabulae or median 
plates. 

Longitudinal section.—The theca is only 
slightly contorted. Dissepiments are con- 
sistently globose and seem mostly to 
comprise one vertical series in which 12 dis- 
sepiments occur in 1 cm. Tabulae are 
mostly complete and are broadly arched 
distally. About 17 tabulae occur in 1 cm. 
No trace of an axial plate was observed. 

Comparison.—Lithostrotion [Thysano- 
phyllum) princeps differs from Thysanophyl- 
lum ortentale (Thomson, 1876), from the 
Lower Carboniferous of Europe in having 
narrower corallites, about half as many 
septa, less well developed lonsdaleoid dis- 
sepiments, and in having more closely 
spaced tabulae. 

The dissepimentarium of Thysanophyl- 
lum princeps resembles that of Lonsdaleia 
tllipahensis, but Thysanophyllum princeps 
does not have an axial complex. Lithostro- 
tionella mokomokensis has merely an axial 
plate for a columella, which might not be 
present in some sections, but L. mokomo- 
kensts has much coarser lonsdaleoid dissepi- 
ments than 7. princeps has. 

Occurrence—USC localities 334 (type 
locality), 330, 335, 340, 341, 345, 348, 352, 
360. 


Material—Holotype, USC 5112. Other 
specimens, USC 5113-5116, 5130, 5141, 
5142, 5148. Collection contains 9 specimens. 

Remarks.—Slight crushing of some speci- 
mens causes rupture and displacement of 
skeletal elements. Thus, isolated segments 





TEXT-FIGS. 5-18—5-6, Lithostrotion [Thysanophyllum] princeps. Transverse and longitudinal sec- 
tions, holotype, USC 5112, locality 334; 7,8, Lithostrotion [Lithostrotionella] dilatata. Longitudinal 
and transverse sections, holotype, USC 5117, locality 340; 9,10, Lithostrotion [Lithostrotionella] 
mokomokensis. Longitudinal and transverse sections, holotype, USC 5119, locality 330; 11-14, 
Lithostrotion [Diphyphy!lum] connorsensis. Longitudinal and transverse sections of four corallites, 
holotype, USC 5120, locality 332; 15,16, Lonsdaleia illipahensis. 15—Transverse section, holotype, 
USC 5122, locality 336. 16—Longitudinal section, a paratype, USC 5123, locality 337; 17,18, 
Lonsdaleia cordillerensis. Longitudinal and transverse sections, holotype, USC 5127, locality 342. 


All figures X3. 
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of tabulae in some corallites illustrated in 
text-figure 5 resemble the median plate of 
an axial structure. 


LITHOSTROTION [LITHOSTROTIONELLA] 
MOKOMOKENSIS N. sp. 
Text-figs. 9,10 


Exteriors —Corallum massive, sub-hemi- 
spherical to flattened, about 20 cm. in diam- 
eter (reconstructed) and at least 5 cm. thick. 
Mature corallites are mostly about 7 mm. 
in diameter and are 5- or 6-sided. The 
common wall between corallites projects 
above the conspicuously convex dissepi- 
ments in calices. Axial ends of septa pene- 
trate the nearly vertically disposed inner 
slopes of dissepiments. Floors of calices are 
mostly domed and may retain the trace of 
the axial plate. Calices are 4 to 5 mm. deep. 

Transverse sections.——Calical walls bear a 
distinct, median, dark line and commonly 
retain interseptal ridges. Calices are sharply 
divided into dissepimentaria and tabularia 
at a prominent inner wall. The dissepi- 
mentarium commonly consists of only 1 or 
2 ranks of large, lonsdaleoid dissepiments 
which may be surmounted by few to many 
septal spines. The tabularium is subrounded 
to irregularly polygonal. Mature calices 
mostly contain 15 thin major septa, of 
which only one (the presumed counter 
septum) reaches and even slightly passes 
the axis. The axial end of the long septum is 
not dilated. Minor septa are present alter- 
nately with the majors but only extend half 
as far across the tabularium as the majors 
do. 

Longitudinal section—A single row of 
large, globose dissepiments normally lines 
each side of the tabularium. About 10 dis- 
sepiments occur in 1 cm. The tabularium is 
divided in half by the somewhat sinuous 
axial plate. Complete and incomplete tabu- 
lae are both present, there being from 15 to 
20 in 1 cm. Tabulae rise slightly at the 
periphery to meet the dissepiments. 

Comparison.—The best known clisio- 
phylloids from North America are species 
of Lithostrotionella from the Mississippian 
System. L. mokomokensis resembles L. 
tubifera Hayasaka, 1936 from’ Montana in 
size of corallites, number of septa, and dis- 
tinction between tabularium and dissepi- 
mentarium, but lacks the prominent ring- 


like juncture of septa with steeply-inclined 
tabulae which Hayasaka likened to a tube. 

L. mokomokensis seems to be related to 
L. berthiaumi Merriam, 1942 from the 
Permian of Oregon. Both species have un- 
usually large dissepiments, but L. berthiaumi 
has concave tabulae, more septa, and a 
stronger axial structure. 

Occurrence.—USC localities 330 (type 
locality), 347, 349. 

Material—Holotype, USC 5119. Other 
specimens, USC 5133, 5136. Collection con- 
tains 3 specimens. 

Remarks.—Although Lithostrotionella is 
confined to rocks of Meramec (Middle 
Mississippian) age in the midcontinent, it 
occurs from Mississippian into Permian 
strata in the Cordilleran region. Thin sec- 
tions commonly are required in order to 
differentiate the various species. As a rule of 
thumb the Mississippian species seem to 
have rather more distinctly developed 
minor septa than are present among the 
Permian species. 


LITHOSTROTION [LITHOSTROTIONELLA] 
DILATATA N. sp. 
Text-figs. 7,8 


Exteriors——Coralla at least 15 cm. in di- 
ameter, rather spherical, and composed of 
prismatic corallites. Calices moderately 
deep and floored by a convex tabula from 
which projects a short but prominent axial 
plate. 

Transverse sections—Thecae smooth and 
separated one from another by a dark 
central line. About 16 or 17 major septa ex- 
tend 3 of the radius and are thickened 
within the tabularium. Minor septa are in- 
conspicuous spines or septal crests near the 
periphery. Dissepimentarium consists of 
1 to 5 ranges of mostly irregular concentric 
and herringbone dissepiments. A few lons- 
daleoid dissepiments occur, particularly in 
recesses formed in the angles of the polyg- 
onal corallites. Columella consists of a 
single, slightly dilated plate. Elliptical out- 
lines of tabulae surround the axial plate. 

Longitudinal __ sections——Thecae _are 
slightly contorted. Dissepiments are some- 
what elongate and slope inward at about 
40°. About 20 dissepiments occur in 1 cm. 
along the theca. Tabulae are arched distally 





PERMIAN CORALS FROM NEVADA AND CALIFORNIA 


at about 30° to meet the sinuous axial 
plate. From 14 to 18 tabulae occur in 1 cm. 
in the outer portion of the tabularium. 

Comparison.—Lithostrotion [Lithostrotio- 
nella] dilatata differs from L. mokomokensis 
in having only sparse lonsdaleoid dissepi- 
ments, dilated major septa, and in having a 
dilated axial plate which is separate from 
the counter septum. Dissepimentaria of 
Thysanophyllum princeps and Lonsdaleia 
illipahensis are constructed similar to those 
of L. dilatata, but T. princeps lacks all trace 
of axial structure, and L. ilipahensis has an 
arachnoid columella. All of the foregoing 
species construct coralla of prismatic coral- 
lites, hence they resemble each other at first 
glance. 

Occurrence-——USC localities 340 (type 
locality), 345, 349-351, 332. 

Material—Holotype, USC 5117, Para- 
type, USC 5118. Other specimens, USC 
5138-5140, 5149. Collection contains 6 
specimens. 

Remarks.—Assignment of this species to 
a genus raises questions which need to be in- 
vestigated much more than in this intro- 
ductory study. Lithostrotionella dilatata can 
be interpreted as a relative of Lithostrotion 
[Thysanophyllum] princeps which retains its 
axial plate, or it can be interpreted as a 
relative of Lithostrotionella mokomokensis 
which retains a simple dissepimentarium 
but has dilated septa and a dilated axial 
plate. Inasmuch as assignments are made 
herein on purely morphologic features, this 
species is referred at this time to the geno- 
morph Lithostrotionella. 


LITHOSTROTION [DIPHYPHYLLUM] 
CONNORSENSIS N. sp. 
Text-figs. 11-14 


Exteriors—Coralla composed of loosely 
fasciculate corallites from 8 to 10 mm. in 
diameter. Coralla range up to at least 15 
cm. in diameter. Corallites are cylindrical. 
Thecae bear faint septal grooves. 

Transverse sections—The theca is very 
thin. From 18 to 20 thin major septa extend 
up to 3 the radius. Short minor septa can be 
distinguished between some major septa. 
The dissepimentarium consists of 1 to 3 
ranks of mostly concentric dissepiments. 

Longitudinal sections—The theca is 
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locally wrinkled. Dissepiments are mostly 
rather globose, although a few elongate 
ones may be present. From 12 to 15 of the 
globose disseopients occur in 1 cm. Tabulae 
are thin, very slightly convex distally, and 
are complete (with rare exceptions). About 
11 tabulae occur in 1 cm. 

In one section (text-fig. 14) an axial 
plate can be traced over a sinuous course 
for 6 mm. 

Comparison.—Lithostrotion [Diphyphyl- 
lum] connorsensis resembles Lonsdaleia cor- 
dillerensis in being composed of loosely 
fasciculate corallites, but L. connorsensis 
lacks an axial structure. L. connorsensis 
resembles corals of similar form in the 
Monte Cristo formation (Mississippian) 
of the Basin and Range Province which 
seem to be referable to Lithostrotion [Sipho- 
nodendron] sp. (Easton, 1957, p. 619), but 
the Mississippian coral normally retains its 
axial plate and tent-like tabulae, whereas 
L. connorsensis normally lacks an axial 
plate and has simply-arched tabulae. 

‘Occurrence——USC localities 332 (type 
locality), 334, 349, 355, 357. 

Material—Holotype, USC 5120. Other 
specimens, USC 5121, 5135, 5143, 5145. 
Collection contains 5 specimens. 


Family LONSDALEIIDAE Chapman 1893 
Genus LONSDALEIA M’Coy, 1849 


Diagnosis——Mostly compound corals 
with arachnoid columellae, major and minor 
septa, one order of essentially transverse 
tabulae, and an outer zone of lonsdaleoid 
dissepiments. 

Remarks.——Hudson (1958, p. 178) has 
commented on the recent tendency to as- 
sign Lonsdaleia-like Permian corals to 
genera such as Waagenophyllum and Went- 
zelella. These genera have transverse inner 
tabulae but have steeply-inclined outer 
tabulae (clinotabulae), and some of them 
have a tertiary order of septa. The material 
at hand, however, seems to represent the 
orthodox morphology of Lonsdaleia. Inas- 
much as Waagenophyllum is definitely 
known from Cordilleran deposits through 
the researches of Smith (1935) and Merriam 
(1942), it is possible that the genus will be 
discovered among the rich coral faunas of 
the eastern part of the Basin and Range 
Province. 
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LONSDALEIA ILLIPAHENSIS N. sp. 
Text-figs. 15,16 

Exteriors.—Coralla are composed of pris- 
matic corallites which mostly are from 7 to 
10 cm. in diameter and are depressed hemi- 
spherical. Calices are rather deep with slop- 
ing inner margins and a low, dome-shaped, 
axial boss on the calical floor. 

Transverse sections——Corallites are ir- 
regularly polygonal. Thecae have smooth 
margins and are joined along a dark median 
line. From 12 to 17 rather sinuous major 
septa traverse as much as 3 of the radius of 
a mature corallite. Minor septa are present 
near the periphery but rarely traverse more 
than two ranks of dissepiments. The dis- 
sepimentarium occupies approximately } 
of the radius. Outer dissepiments are ir- 
regularly concentric. Commonly 4 or 5 
ranks of dissepiments are present. The 
axial structure is distinctly arachnoid and 
may occupy most of the tabularium. As 
many as 2 or 3 ranks of tabellae surround a 
slightly thickened median plate. Lamellae 
transect the tabellae and may correspond in 
number and position with the major septa; 
or lamellae may be reduced in number until 
they are almost lacking. Major septa may 
touch the axial structure at some points and 
may even be confluent with some lamellae. 

Longitudinal sectionThecae are some- 
what sinuous. Dissepiments are rather 
elongate and occur in 1 to 3 ranks. About 
12 to 14 dissepiments occur in 1 cm. Tabu- 
lae slope peripherally at only about 15° to 
30°. Some incomplete tabulae are present 
and approximately 22 tabulae of both kinds 
occur in 1 cm. The axial complex is com- 
posed of closely-spaced tabellae which 
slope distally at very steep angles and may 
be vertical or even overhang slightly. The 
median plate is broadly sinuous, as are the 
lamellae. 

Comparison.—Lonsdaleta illipahensis re- 
sembles species of Lithostrotionella from the 
Mississippian of North America which have 
prismatic corallites, but L. ilipahensis has 
an arachnoid columella, whereas the colu- 
mellar structure of Lithostrotionella consists 
merely of a median plate. 

Lonsdaleta illipahensis resembles Thy- 
sanophyllum princeps externally, but has an 
arachnoid columella instead of no colu- 
mella. L. illipahensis also resembles Litho- 


strotionella mokomokensis externally, but 
has a more complicated columella and lacks 
the broad lonsdaleoid dissepimentarium of 
the latter species. 

Occurrence-—USC localities 336 (type 
locality), 332, 337-339, 359. 

Material—Holotype, USC 5122. Para- 
type, USC 5123. Other specimens, USC 
5124-5126, 5147. Collection contains 6 
specimens. 

Remarks.—Lonsdaleia illipahensis varies 
somewhat in strength and number of major 
septa. A specimen from the lower part of 
the Arcturus formation has about 14 or 15 
major septa and they mostly do not reach 
the axial complex. On the other hand, a 
specimen from the cyclical beds above the 
Arcturus formation has about 17 septa in 
each corallite, and the septa mostly reach 
the axial complex. 


LONSDALEIA CORDILLERENSIS Nn. sp. 
Text-figs. 17,18 


Exteriors—Coralla| are composed of 
loosely fasciculate corallites about 10 to 12 
mm. in diameter. Diameters of coralla 
range from about 10 cm. up to great masses 
which approach a meter in diameter. Calices 
are deep, lined with prominent septal ends, 
and are occupied by a very prominent axial 
boss on which traces of tabellae are pre- 
served. 

Transverse sections—Mature calices of 
the holotype at a diameter of 9 mm. contain 
from 22 to 28 thin major septa, a few of 
which reach the axial structure. Most major 
septa reach the theca. Minor septa are in- 
conspicuous and short; moreover, they may 
not be present in all quadrants. Dissepi- 
mentaria occupy as much as 3 of the radius 
and consist of about 5 ranks of dissepiments 
when best developed. Dissepiments are 
mostly herringbone. Although a few lons- 
daleoid dissepiments may be present at some 
positions in some calices, they are not con- 
sistently present. 

The axial structure is a well-developed 
arachnoid columella which occupies almost 
the entire tabularium in its most highly de- 
veloped condition. On the other hand, 
corallites of mature dimensions may bear 
only feebly developed columellae. Tabellae 
and lamellae are somewhat sinuous and ir- 
regularly disposed, thus rendering the 
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axial structure both complex and variable. 
Moreover, calices as much as 7 mm. in di- 
ameter and containing 20 major septa may 
lack all traces of a columella. The theca is 
thin and lacks distinct septal grooves. 

Longitudinal section—The theca is 
wrinkled conspicuously. Dissepiments are 
closely packed and of various shapes, but 
are mostly hemispherical. From 25 to 30 
tabulae occur in 1 cm. and mostly slope 
away from the axial complex at 15° to 30°. 
The axial complex consists largely of 
tightly-packed, sinuous tabellae which slope 
away from the center at angles up to about 
70°. The median plate is sinuous and thin, 
as are the traces of lamellae. 

Comparison.—Lonsdaleia __ cordillerensis 
resembles species of Waagenophyllum such 
as W. columbicum Smith, 1935 in cylindrical 
shape of corallites and presence of an 
arachnoid columella, but L. cordillerensis has 
transverse tabulae instead of some trans- 
verse tabulae and some clinotabulae. 

L. cordillerensis also resembles species of 
Waagenophyllum described from the Per- 
mian of Oregon by Merriam (1942) in sim- 
ilar growth habit, but has lonsdaleoid dis- 
sepiments and lacks clinotabulae. 

Diphyphyllum connorsensis also has cylin- 
drical corallites, but it generally is devoid of 
any axial structure. 

Occurrence——USC localities 342 (type 
locality), 332, 343, 344, 356, 358, 360. 

Material—Holotype, USC 5127. Other 
specimens, USC 5128, 5129, 5144, 5146, 
5150, 5151. Collection contains 7 specimens. 

Remarks.—This species is referable to 
Lonsdaleia with doubt in some instances be- 
cause corallites seem to lack the character- 
istic lonsdaleoid dissepiments. On the other 
hand, clinotabulae are not present so it can 
scarcely be referred to Waagenophyllum. 

In its typical occurrence the corallites are 
only about 8 mm. in diameter, but in the 
cyclical sediments overlying the Arcturus 
formation the corallites attain diameters of 
perhaps 15 mm. Perhaps it will be ad- 
visable to differentiate these varieties in 
future studies. 


LOCALITY REGISTER 


USC 330. Buff, fine-grained, silty, thick- 
bedded limestone in the lower part of the 
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Arcturus formation. Outcrops extend north- 
south along the synclinal crest of Moko- 
moke Ridge in the southwest part of the 
Illipah quadrangle, Nevada, along a line 
about 500 feet west of the centers of sec. 4, 
T. 16 N., R. 58 E., and sec. 33, T. 17 N., R. 
58 E. The ridge crest can be reached by a 
rough vehicle trail which ascends the south 
end of Mokomoke Ridge northward from 
a point on the gravel road about 1 mile east 
of Hamilton. 

USC 331. Grey, massive limestone of the 
Bird Spring formation along the crest of the 
ridge which strikes N. 55° E. and lies 6 
miles S. 80° W. from the intersection of Lee 
Canyon (Nevada Highway 52) and the 
Indian Springs road (U. S. Highway 95) 
about 27 miles northwest of Las Vegas, 
Clark County, Nevada. The locality can be 
reached by driving 2.5 miles cross-country 
up the alluvial fan southwest from U. S. 
Highway 95. The locality lies 2300 feet 
stratigraphically above the contact of the 
Bird Spring formation upon the Monte 
Cristo formation (Mississippian). This zone 
is at the base of the Permian System (Wolf- 
camp) in the section referred to by Longwell 
and Dunbar (1936). 

USC 332. Base of 125 foot dark grey 
limestone comprising the lower part of the 
Arcturus formation. Outcrops form promi- 
nent, partly overhanging bluff and road cut 
on the north side of former U. S. Highway 
93, about 1.2 miles east of the summit of 
Connors Pass and about 23 miles southeast 
of Ely, Nevada. Probably near SE cor., 
sec. 26, T. 14 N., R. 65 E. 

USC 333. Light grey, sandy, buff- 
weathering limestone in the lower part of 
the Arcturus formation. Outcrops are 
located on the west side of U. S. Highway 6, 
about 3 miles SW of Ely, Nevada. Sec. 25, 
T.16N., R. 62 E., Ely quadrangle. 

USC 334. Buff limestone at the base of the 
Rib Hill formation, forming bluff about 
200 yards north of U. S. Highway 50 at a 
point 1 mile east of the Hamilton road. 
Near cen., sec. 7, T. 17 N., R. 59 E., Illipah 
quadrangle. 

USC 335. Grey limestone 140 feet thick, 
lying 40 feet stratigraphically below sand- 
stone beds of the Rib Hill formation, due 
west of 2 large water tanks at the SE end of 
the north ridge of Rib Hill, 1 mile SW of 
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Ruth, Nevada. Near SE cor., sec. 16, T. 16 
N., R. 62 E., Ely quadrangle. 

USC 336. Bluff of brown limestone over- 
lying white limestone on north side of dry 
valley where unimproved road_ crosses 
creek bed, 1.1 miles west of Ruby Valley 
Truck Trail (Ruby Marsh Road) and 6 
miles north of U. S. Highway 50. SE, SW, 
SW, sec. 8, T. 18 N., R. 59 E., Illipah quad- 
rangle. 

USC 337. Grey limestone cropping out 
2200 feet along forest road running north- 
west of Murry Summit about 6 miles south- 
west of Ely, Nevada. Cen., S}3, sec. 27, T. 
16 N., R. 62 E., Ely quadrangle. 

USC 338. Buff limestone 300 feet strati- 
graphically above the base of measured 
section 2 published by Knight (1956, p. 
776). About 600 feet above U. S. Highway 
50, on north side of road, about 0.3 mile 
west of Moorman Ranch. Cen., E}, NW, 
sec. 9, T. 17 N., R. 59 E., Illlipah quad- 
rangle. 

USC 339. Grey limestone 13 feet thick 
cropping out in road cut on the north side of 
U. S. Highway 6, 200 yards west of Murry 
Summit, about 6 miles southwest of Ely, 
Nevada. NE, NE, NE, sec. 34, T. 16 N., R. 
62 E., Ely quadrangle. 

USC 340. Upper 10 feet of 125 foot bluff 
of limestone at locality 332. 

USC 341. Prominent outcrop of bio- 
stromal limestone alongside the rough road 
through Indian Pass, Confusion Range, 
Utah. Outcrops are probably in the Arc- 
turus formation. Locality is 1400 feet NW 
of benchmark 5970. 

USC 342. Bluff of coralline limestone on 
the low spur extending southwest from the 
prominent hogback on the south side of 
Rib Hill, about 2 miles south of Ruth, 
Nevada. Basal limestone of the Arcturus 
formation. Cen., SW, sec. 22, T. 16 N., R. 
22 E., Ely quadrangle. Can be reached on 
faint vehicle trails leading southwest from 
the main road into the center valley of Rib 
Hill. 

USC 343. Grey, cherty, bluff-forming 
limestone 7 feet thick, a short distance up 
hill from locality 335 but 70 feet strati- 
graphically below that locality. Basal lime- 
stones of probable Wolfcamp age beneath 


the main sandstone body of the Rib Hill 
formation. 

USC 344. Low bluff of limestone over- 
lying light grey dolomite. On the east face 
of the Providence Mountains at the junc- 
ture of two prominent spurs due west of the 
Gilroy Mine, San Bernardino County, 
California. Locality is about 3 mile north of 
Mitchell’s Caverns. 

USC 345. Same limestone described in 
locality 332, but comprising a faulted ex- 
tension to the north but offset about 500 
feet westward and cropping out on the 
north side of old U. S. Highway 93. 

USC 346. Prominent bluff of limestone 
along the southwest face of the hills north 
of the deep canyon draining westward in 
the NE, SE, sec. 12, T. 18 N., R. 57 E., 
Illipah quadrangle. Can be reached from 
roads in the Pancake Summit quadrangle. 
Basal limestone of the Arcturus formation. 

USC 347. From steep slope of limestone 
about 20 feet above the rim of the promi- 
nent bluff described in USC 346. 

USC 348. Rounded slopes developed on 
the basal limestone of the Arcturus forma- 
tion in the cen., E}, NE, sec. 3, T. 19 N., R. 
57 E., Buck Mountain quadrangle. 

USC 349. Prominent bluff of limestone in 
the lower part of the Arcturus formation 
cut by Circle Wash about 100 feet south of 
the road and down the slope from bench- 
mark 7633. Near NW, sec. 33, T. 15 N., R. 
59 E., Treasure Hill quadrangle. 

USC 350. Limestone bluff in the lower 
part of the Arcturus formation where 
Circle Wash cuts southeastward through 
the hills about 200 yards south of Circle 
Wash reservoir. Probably cen., W3, sec. 
26, T. 15 N., R. 59 E., Treasure Hill quad- 
rangle. 

USC 351. Steeply west-dipping lime- 
stones about 100 yards east of Circle Wash 
Road in a V-shaped gully with dry falls of 
bold outcrops. Probably sec. 22, T. 15 N.., 
R. 59 E., Treasure Hill quadrangle. Basal 
limestones of the Rib Hill formation. 

USC 352. Low ridge of Arcturus lime- 
stone about 3 mile west of USC 349 and on 
the west side of the road south from bench- 
mark 7633. W line, sec. 33, T. 15 N., R. 59 
E., Treasure Hill quadrangle. 

USC 355. Basal limestone of the Arcturus 
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formation on a prominent shoulder on the 
inverted mountain at a point 2100 feet 
south and 2850 feet east of NW corner of 
Illipah #1 (SE) advance sheet. 

USC 356. From third distinctly resistant 
limestone about 275 feet stratigraphically 
above the base of the Arcturus formation on 
the west face of the inverted mountain. 
2800 feet south and 2450 feet east of NW 
corner of Illipah #1 (SE) advance sheet. 

USC 357. Limestone at the base of the 
Rib Hill formation on a prominent shoulder 
on the west side of the inverted mountain. 
1200 feet due east of hill 8028 on IIlipah #1 
(SE) advance sheet. 

USC 358. From lower massive limestone 
of cyclical beds overlying the Arcturus for- 
mation on the first knoll at the south end of 
the SW-trending low ridge at a point 7450 
feet west and 3800 feet north of the SE 
corner of IIlipah #1 (SW) advance sheet. 
Easily reached by old road SE from Moor- 
man Ranch across Jake’s Valley, then south 
along base of hills and up the slope on an 
old sheep camp trail. 

USC 359. From massive, grey, coralline 
limestone at the base of the Arcturus for- 
mation on a ridge crest about 100 feet south 
of a small but very prominerit outcrop on 
a knoll 5700 feet west and 9650 feet north of 
the SE corner of IIlipah #1 (SW) advance 
sheet. 

USC 360. Bluff of limestone (strike 078, 
dip 25 SE) lying about 50 feet down the 
north face of the knoll half a mile south of 
U. S. Highway 93, in NW, NW, sec. 36, T. 
14.N., R. 65 E., Ely quadrangle. This is the 
lower limestone of the Arcturus formation 
and is the continuation a long strike south- 
ward from USC 332. 
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THE TYPE LOCALITIES OF THE MAESTRICHTIAN (MAES- 
TRICHTIAN CHALK TUFF) AND OF THE MONTIAN 
(TUFFEAU DE CIPLY, CALCAIRE DE MONS, 
LAGUNAR, AND LACUSTRE MONTIAN) 
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ABSTRACT—A recent paper by Loeblich & Tappan induced the author to give an 
account of our recent knowledge about the Maestrichtian-Montian sequence in 
Holland and Belgium, where these strata were described for the first time. There is 
considerable doubt as to the correlation of Danian and Paleocene, and the question 
is discussed whether the so-called planktonic faunal break of Foraminifera is a 
time-line. Contrarily to Loeblich & Tappan, the author concludes that at least at 
the type locality of the Maestrichtian of Dumont, the Maestrichtian Chalk Tuff, 
this faunal break is found not above but below this zone, at the boundary between 
the Gulpen Chalk and the Tuff. Moreover, the Tuffeau de Ciply, the lower Montian 
of Dewalque, is not the oldest known Paleocene in Holland and Belgium. 





INTRODUCTION 


A RECENT paper in this Journal by 
Loeblich & Tappan (1957, p. 1109- 
1138) clearly shows that the sequence of 
formations which in Europe are known as 
Maestrichtian and Paleocene often is mis- 
understood by American geologists, and it 
seems to be wise to give here a short ac- 
count of our knowledge of the stratigra- 
phy of the Maestrichtian and Paleocene in 
Holland and Belgium, from where the 
names ‘“‘Maestrichtian’’ and ‘‘Montian”’ 
were derived. 

Dumont was the first to use the term 
“Maestrichtian” for formations better 
known here as the ‘Maesirichtian Chalk 
Tuff” from the neighborhood of Maestricht, 
Holland. Dewalque was the first to propose 
the term ‘“‘Montian”’ in southwestern Bel- 
gium. Nowadays it has become common 
usage to define the base of the Maestrich- 
tian stratum much lower than was first pro- 
posed by Dumont, and to identify the base 
of the Maestrichtian with the first appear- 
ance of the Belemnella lanceolata group in 
Europe and elsewhere. In my publications 
I have always considered this lower bound- 
ary to be Campanian-Maestrichtian in the 
sense of Grossouvre. Hence the stratigraphy 
discussed by Loeblich & Tappan (1957, p. 
1115 and 1116) seems confused. Lower 
Maestrichtian in European international 
sense is the B. lanceolata zone, whereas 
Ma-Mb already is the upper junior zone, 


with at least 4 or 5 stages between them! 

In Holland and Belgium, thick sections, 
many with remarkably complete sequences, 
have been thoroughly sampled by the au- 
thor and his collaborators. Whereas in 
Belgium gaps occur in the sequence, as I 
stated in another paper, from some drill- 
holes in Holland very fine and nearly con- 
tinuous sections have been obtained, extend- 
ing through the Cretaceous-Tertiary bound- 
ary. These thousands of samples reveal 
the true position of the different zones, and 
Foraminifera occurring in the various zones 
have been analysed. Some species which 
seemed to be of more outstanding strati- 
graphic or biological value have already 
been described in my preliminary publica- 
tions, and a few of them were quoted in the 
paper by Loeblich & Tappan. My final 
paper is finished. 

It will be of some interest to give here the 
sequence of formations as they have been 
found in Holland and Belgium. The zone 
here called Me consists of an uppermost 
zone of Maestrichtian Chalk Tuff, in which 
glauconite is abundant (in contrast to the 
real Chalk Tuff) and contains a foraminif- 
eral fauna with many transitional forms 
between those found in the Md and those 
found in the overlying ‘‘Lower Paleocene.” 
This latter formation, given here as ‘‘Lower 
Paleocene,’”’ mainly contains the same 
fauna that Brotzen found in his ‘‘Paleo- 
cene’’ of Sweden, which is stratigraphically 
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younger than the type Danian. The fauna 
supports his conclusion, contrary to the 
suggestion by Loeblich & Tappan. In 
Holland this formation is found overlying 
the uppermost Md, or the Me, or the Kun- 
rade chalk, in different localities. In the 
Basin of Mons in Southern Belgium, this 
lower Paleocene is found in hollows in the 
basal hard ground or basal conglomerate of 
the Tuffeau de Ciply (Poudingue de la 
Malogne). In the Dutch drill holes and 
mine shafts in southern Limburg, the for- 
mation covering the ‘‘Lower Paleocene”’ is 
lithologically as well as paleontologically 
identical with the ‘‘Tuffeau de Ciply,”’ the 
lower part of the typical ‘‘Montian.” This 
Tuffeau de Ciply in Holland is covered by 
typical Calcaire de Mons identical with that 
of the type-locality, the drill hole Goffint 
near Mons, Belgium. Over that formation 
lies the lagunar Montian which contains the 
fauna described by Haymes from the 
Thanetian of southern England. So, it 
seems to the author, that the identification 
by Loeblich & Tappan of Danian, Midway 
(Lower Paleocene), Montian, and Thane- 
tian is rather premature. Stratigraphers and 
paleontologists here in Europe are working 
hard on these problems. They have not yet 
reached the conclusions attained by Loeb- 
lich & Tappan, and are not sure that they 
will come to similar conclusions as yet. 

Recent investigations by the author 
proved that the type Montian does not con- 
tain Globigerina daubjergensis Bronnimann, 
but instead numerous specimens of Globo- 
rotalia pseudomenardii Bolli and thus _ be- 
longs to a much younger Paleocene age 
than suggested by Loeblich & Tappen. 

The author paid particular attention to 
what is known as the faunal break of the 
Cretaceous-Tertiary boundary. In the nu- 
merous series of samples, containing thou- 
sands of specimens, I did not find real Cre- 
taceous planktonic genera such as Rugoglo- 
bigerina and Globotruncana in the Maestrich- 
tian Chalk Tuff above the Ma, such as 
Loeblich & Tappan report. Only scattered 
specimens of these genera, all certainly re- 
worked and extremely rare, were found in 
the basal conglomerates between the differ- 
ent sub-zones of that formation and in 
these zones all indications of small trans- 
gressional movements were found together 





with many benthonic reworked specimens. 
On the other hand, in many samples ob- 
tained from Mc and Md, abundant plank- 
tonic globigerines and rare Globorotalia were 
found, all of the Dano-Montian type as de- 
scribed from other regions. This would in- 
dicate, that, at least in the type-locality of 
the ‘‘Maestrichtian” (s.s. of Dumont), the 
faunal break is found not above, but below 
this formation. This could be more fully 
established in a fine series of samples, going 
through the Cr 4 and Lower Mb, where, 
just at the Maestrichtian Chalk Tuff 
Globotruncana and Rugoglobigerina disap- 
pear, and the globigerines with Tertiary as- 
pect and the first Globorotalia appear. This 
would make it seem that this faunal break 
does not always indicate the Cretaceous- 
Tertiary boundary, for, as quoted by 
Loeblich & Tappan, mosasaurs, rudists, 
belemnites, and real ammonites continue in 
the sub-zones Mb-Md (not in the Me 
above). But we have to bear in mind that, 
in the Middle East, for example, ammonites 
and other Cretaceous guide fossils have al- 
ready disappeared far below that faunal 
break. So several questions have been left 
open: 

a. Is the faunal break a time-line? 

b. Is the disappearance of ammonites and 

belemnites a time-line? 

c. Are those time-lines, when they exist, 

identical or not? 

These questions have not even been men- 
tioned by Loeblich & Tappan. In the au- 
thor’s opinion they are of fundamental im- 
portance and have not been answered any- 
where until now. 

In text-figure 1, I figure only the com- 
moner species of globigerines, Globotrun- 
cana, Globorotalia, and a Giimbelitria, oc- 
curring in the Cr 4 just below the Ma or the 
disconformity replacing this Ma, and those 
just above. 

Those on the lower half of the text-figure 
thus occurring in the uppermost Gulpen 
chalk, and just below the ‘‘Maestrichtian”’ 
of Dumont, consist of species of the genera 
Rugoglobigerina and the latest known Globo- 
truncana, together with species of Globi- 
gerina which do not show the G. cretacea- 
type, but that of species which generally 
are found just at the faunal break of the 
planktonic Foraminifera. Also, Biglobigeri- 
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TExT-FIG. /—Upper Cretaceous and Paleocene Foraminifera. 1. Gimbelitria mauriciana Cole; bound- 
ary Mc-Md. 2. Globorotalia membranacea (Ehrenberg); Lower Md. 3. Globigerinoides hyalina 
Hofker; Upper Md. 4. Globigerina compacta Hofker; Upper Md and Lower Paleocene. 5. Globigerina 
primitiva Finlay; boundary Mc-Md. 6. Globigerina cf. turgida Finlay; boundary Mc—Md. 7. Globi- 
gerina supracretacea Hofker; Mb. 8. Globorotalia praetuberculifera Hofker; Mb. 9. Globorotalia 
angulata (White); boundary Mc-Md. 10. Globigerina (Rugoglobigerina) rugosa Plummer; upper 
Cr 4. 11. Globogerina sp.; upper Cr 4. 12. Globigerina (Biglobigerinella) biforaminata Hofker; upper 
Cr. 4. 13. Globigerina cf. linaperta Finlay; upper Cr 4. 14. Globotruncana cf. esnehensis Nakady; 
upper Cr 4. 15. Globotruncana contusa (Cushman) ; upper Cr 4. 16. Globigerina cf. cretacea d’Orbigny; 


upper Cr 4. 
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TABLE /—SEQUENCE OF FORMATIONS FOUND IN SOUTH LIMBURG, NETHERLANDS 








Thanetian or | Lagunar 
Upper Paleocene Montian 





Globigerines of 
the Lower Tertiary 
and 
Globorotalia 
Paleocene of Brotzen 


Calcaire de 
Mons 





Lower 
Paleocene Tuffeau de 
Ciply 


Paleocene 
Montian 
No 
Belemnites 








Lower 
Paleocene 





Me Belemnella 
casimiro- No Globotruncana 


Md vensis No Rugoglobigerina 
Globorotalia —— 
Mc Globigerines of 
Tertiary types — 
<—— Planktonic 
Globotruncana faunal break 

Rugoglobigerina 








Danian? 





Chalk Tuff 


(Maestrichtian 
s.s. of Dumont) 





Maestrichtian 


M6 
Cr4 


Upper 
Maestrichtian Cre Globotruncana 


Cr3y (pau perata) 








mucronata 
junior 





Belemnitella 





Maestrichtian 





Globotruncana 
and 
Globigerina 
cretacea 


yellow Cr3b 





Lower 
Maestrichtian | white Cr3b 


Belem- 
nella 
lancea 
lata 








hard ground 
Globotruncana 
and 
Globigerina 
cretacea 


Upper 
Campanian 


tella 
mucronata 
Senior 


Belemni- 











unconformity 


Globigerina 
cretacea 


Campanian 


Middle Cr2 


Campanian or 
Hervian 


quadratus 
and 
Belemnitella 


Actinocamax 
mucronata sen. 





Transgressional 
disconformities 


Local Belemnites Occurrences of or 
Zones and local names zones planktonic sedimental 
groups of formations of (after genera small gaps 
formations | F. Schmid) with sudden 
faunal changes 




















nella is present, which continues with  Rugoglobigerina, and many species of globi- 
higher specialised forms in the lower Mb. _ gerines (there are many more of those forms 
Giimbelina is not figured, since that group than I illustrated) all of the Tertiary type, 
continues into the Eocene all over the world, as will be easily seen from text-figure 1. 
and is easily transported by transgressional Moreover, there are several species of 
movements. Globorotalia, some of them in special layers 
In the upper half of the text-figure are the extremely common, which are not only of 
common species of the Maestrichtian Chalk types of the Truncorotalia-type (Globoro- 
talia mosae has not been figured, since it has 


Tuff, the type-locality of the ‘‘Maestrich- 
tian s.s’” We find no Globotruncana, no been disputed by Loeblich & Tappan as 
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not belonging to Globorotalia), but also of 
keeled types. Giimbelitria is not, as stated 
by Loeblich & Tappan, of a Cretaceous 
type but of the type found in the Velasco, 
which is considered by Loeblich & Tappan 
as Paleocene. I figured also a specimen of 
my Globigerina (Globigerinoides) hyalina, in 
which also other dorsal sutural openings 
could be seen, thus proving that it cannot 
be a ‘‘malformed Biglobigerinoides.”’ 

There is, to my opinion, no doubt about 
the fact that the faunal break, considered 
by Loeblich & Tappan as the indicator of 
the Cretaceous-Tertiary boundary, is found 
not above, but below the ‘Maestrichtian 
Chalk Tuff” of Dumont. 

Recent investigations by the author in 
Denmark proved that the boundary Skri- 
vekridt-Danian in Denmark is identical in 
time with the boundary Upper Gulpenchalk- 
Maestrichtian Chalk Tuff in Holland; more- 
over the guide-fossil Globigerina daubjer- 
gensis shows at the top of the type-Danian 
just that stage of development as is found 
at the top of the Maestrichtian Chalk 
Tuff, the type of the ‘“‘Maestrichtian” of 
Dumont. Several orthogeneses of Forami- 
nifera common in the Maestrichtian Chalk 
Tuff of Holland and in the Danian of Den- 
mark begin similarly in the base of both 
formations and end similarly at their top. 
This suggests that the Danian type-forma- 
tion and the Maestrichtian type-formation 
are of the same age. 
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PALEONTOLOGICAL NOTES 


THE HOLOTYPE OF FAVOSITES BILOCULI HALL 


ERWIN C. STUMM 
Museum of Paleontology, University of Michigan 





TEXT-FIG. 1—a, distal surface of holotype of Favosites biloculi Hall, X1; b, transverse 
section of holotype, X2; c, longitudinal section of holotype, X 2. 
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James Hall, in his ‘Illustrations of 
Devonian Fossils” (1876 or 1877, pl. 7, 
fig. 2) figured a specimen which he indi- 
cated on the plate explanation to be Favo- 
sites epidermata? var. biloculi. No subse- 
quent reference has been made to this spe- 
cies except that Fenton and Fenton (1936, 
p. 36) mentioned that the type had not been 
traced and “‘that there was no ground, there- 
fore, on which btloculi may be retained.” 
The holotype was recently found by Mr. 
C. W. Kilfoyle, Curator of the Paleonto- 
logical Collections at the New York State 
Museum. I am very grateful to Mr. Kil- 
foyle for the opportunity to study the speci- 
men. 

It is especially fortunate that the type 
has been found as the species is common in 
the Lower Onondaga limestone of New 
York and southwestern Ontario, the Bois 
Blanc formation of Michigan, on the coral 
bed of the Jeffersonville limestone of the 
“Falls of the Ohio.” The species is a true 
Favosites and has no close relationship to 
Emmonstia epidermata (Rominger). 


SYSTEMATIC DESCRIPTION 


Genus FavosiTEs Lamarck 
FAVOSITES BILOCULI Hall 
Text-fig. 1 


Favosites epidermata? var. biloculi Hall, 1876 or 
1877, pl. 7, fig. 2. 
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Description—Corallum large, low hemi- 
spherical to discoid, composed of pentag- 
onal or hexagonal corallites. Majority of 
corallites averaging 2.5 mm. in diameter 
with occasional ones having diameters 
ranging from 3.0 to 3.5 mm. Calyxes with 
erect, smooth walls and flat bases formed by 
the uppermost tabulae. Mural pores bi- 
serial or triserial, in parallel rows. In trans- 
verse section corallite walls smooth, with no 
trace of squamulae, septal spines, or septal 
ridges. In longitudinal section tabulae typi- 
cally complete, horizontal or slightly un- 
dulating, spaced from .5 to 1.5 mm. apart. 

Remarks.—The internal structures have 
been partly altered by silicification but are 
still discernible. The specific name biloculi 
refers to the two sizes of corallites. 

Occurrence—Middle Devonian, lower 
part of Onondaga limestone, Caledonia, 
New York. 

Type.—Holotype No. 11265, New York 
State Museum. 
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NEW FOSSIL BALANID LOCALITIES IN HUNGARY 


G. KOLOSVARY 
Syst.-zool. inst. of the University, Szeged, Hungary 





Balanus concavus Bronn 


1. GyéngyGdspata, Danka River in Tor- 
tonian (F. Leganyi 1951). 

2. Nekézseny, Mt. Biikk, Comitat Bor- 
sod, SE. in Aquitanian-Burdigalian 
G. Kolosvary 1950). 

3. Dédes-Dezsé valley, Mt. Biikk in 
Helvetian (F. LegAnyi 1951). 

4. Abod, Mt. Szendré, in Burdigalian. 
(A. Jambor 1958). 


Balanus tintinnabulum Linné 


1. Nekézseny, Mt. Biikk, Comitat Bor- 
sod, SE. in Aquitanian-Burdigalian. 


2. Almar Valley, Mt. Bikk, Comitat 
Borsod, in Burdigalian (F. Leganyi 
1951). 


Balanus laevis Darwin 
1. Fét, Hungary N. in Aquitanian- 
Burdigalian (H. Vereb & G. Kolos- 


vary). 
2. Gyéngyéspata, Danka River in Tor- 
tonian (F. Leganyi 1951). 


Balanus amphitrite litoralis Kolosvéry 


1. Fenyény4rad, Comitat Borsod, in 
Burdigalian (L. Badécz 1958). 
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Balanus perforatus Brugutére 


New addition to the fossil fauna of 
Hungary. Locality: Bekonygyepes near 
Devecser 300 m. in Mt. Bakony in Tor- 
tonian. Diameter of the orifice 11X9 mm. 


Diameter of the base 24X19 mm. Three 
specimens were found. They have been 
placed in the Geological Institution, Buda- 
pest, Hungary, 1955. 


GEOGRAPHIC DISTRIBUTION OF PLANORBULA VULCANATA 
LEONARD IN NEBRASKA 


LARRY FRANKEL 
University of Connecticut 





In his study of the Pleistocene mollusca 
fauna of the mid-continent region, A. B. 
Leonard has described many new pulmonate 
species. One of these, apparently restricted 
to Yarmouthian deposits, is Planorbula 
vulcanata which Leonard (1948) divides into 
two subspecies, P. v. vulcanata and P. v. oc- 
cidentalis. 

The distribution of the subspecies as re- 
ported by Leonard (1948, 1950), Frye, 
Swineford & Leonard (1948) and Frye & 
Leonard (1952) is as follows: (note: num- 
bers following county name refer to loca- 
tions on text figure 1). 


Planorbula vulcanata vulcanata: 


Harlan (3) County, Nebraska; Jewett (4), 
Ottawa (5), Dickensen (6), Wabaunsee 
(7) and Clark (10) Counties, Kansas. 


Planorbula vulcanata occidentalis: 


Reno (8) Meade (9) and Clark (10) counties, 
Kansas; Beaver (11) County, Oklahoma. 
This apparently restricted distribution of 

Planorbula vulcanata occidentalis led 

Leonard (1950, p. 18) to conclude that this 

was a southwestern race of the typical spe- 

cies. 

Subsequent to publication of Leonard’s 
data new discoveries were made in eastern 
Nebraska. Wakely (1954) reported Planor- 
bula vulcanata from Sappa (Yarmouth) 
alluvial sediments along the Pebble Creek 
tributary of the Elkhorn River, approxi- 
mately one mile south and west of Scribner, 
Dodge County, Nebraska (NE} sec. 6 T19N, 
R6E). (See location 1, text figure 1.). These 
specimens (examined by the writer) have 
great variability; individuals can be as- 


























TextT-F1G. /—Map showing known distribution 
of Planorbula vulcanata by counties (for 
ceunty names see text.) 


signed to both named subspecies and to 
intermediate groups. 

The writer (Frankel, 1956) collected 
specimens of Planorbula vulcanata from 
alluvial sediment in the south bluff of the 
Platte River, about 2} miles northeast of 
Cedar Bluffs, Saunders County, Nebraska 
(NE# sec. 23 T17N, R7E) (See loc. 2, text- 
fig. 1). From its stratigraphic position the 
sediment was tentatively identified as 
Sappa. Like Wakely’s specimens these 
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forms are highly variable in character; most, 
however, are best ascribed to P. v. occi- 
dentalis. 

In view of the above data the geographic 
range of the species must be extended to 
the northeast, and Leonard’s hypothesis 
that Planorbula vulcanata occidentalis is a 
southwestern race of the typical species 
must be abandoned. 
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NOTE ON SOME SPECIES OF OSTRACODA DESCRIBED BY A. M. NORMAN 


W. A. VAN DEN BOLD 
Louisiana State University 





Some of the Rev. A. M. Norman’s de- 
scriptions of new species of Ostracoda ap- 
pear to have been overlooked by most later 
workers. This is not surprising in view of the 
fact that some of these descriptions occur in 
reports by others, so that they are difficult 
to locate, the more so, since Norman often 
does not refer to them in his later publica- 
tions. 

One of these descriptions is found in a 
“Report on the Dredging of the North- 
umberland Coast and Dogger Bank, drawn 
up by Henry T. Mennell, on behalf of the 
Natural History Society of Northumber- 
land, Durham and Newcastle-on-Tyne, and 
of the Tyneside Naturalists’ Fieldclub,” 
which appeared in the “Report of the 
Thirty-second Meeting of the British Asso- 
ciation for the Advancement of Science; 
held in Cambridge in October 1862,”’ pub- 
lished in 1863 (Mennell, 1863). This report 
contains the description of one new ostracod 
species, Cythere limicola Norman (p. 119. 
Later authors (e.g. Hirschmann, 1916, p. 
580; Elofson, 1941, p. 277; Triebel, 1949, 
p. 188, 189 and Howe, 1955, p. 580) have 
indicated the type species of Palmenella as 
“‘Cythereis limicola Norman, 1865 (p. 20, 
pl. 6, figs. 1-4).” However, the “Natural 
History Transactions of Northumberland 


and Durham, being papers read at the 
Meetings of the Natural History Society of 
Northumberland, Durham and Newcastle- 
on-Tyne and the Tyneside Naturalists’ 
Fieldclub, 1865-67, vol. 1,’ to which they 
refer, was not published until 1867. 

Further confusing is the fact that Norman 
in his 1867 paper indicates several species 
as n. sp., while in reality they had been de- 
scribed earlier by himself, in the case of 
Cythereis limicola even twice. The other 
publication in which they occur as n. sp. of 
Norman is: Brady, 1865, ‘‘Deep-Sea Dredg- 
ing on the Coasts of Northumberland and 
Durham in 1864,” published in the “Report 
of the Thirty-fourth Meeting of the British 
Association for the Advancement of Science; 
held in Bath in September 1864” (p. 189- 
193), which appeared in 1865. 

In his synonymies, Norman (1867) quotes 
some of his species in Brady 1865 as M.S., 
thus throwing doubt on the real date of 
publication of the quoted paper. In some 
cases (Cythere guttata and Cythere multifora) 
he even refers to them under different names 
suggesting that he had time to change these 
names before the paper (Brady 1865) was 
printed. In the same publication (Norman 
1867) he also quotes in the synonymy of 
Cythere latissima n. sp., a “‘Cythere obesa 
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Norman, M.S., Trans. Tyneside Natural. 
Fieldclub, vol. 5, p. 266, but not C. obesa of 
Reuss,” which paper was published in 
1863. Moreover he does not quote any 
synonymy for Cytherets limicola n. sp., al- 
though we have seen that the first descrip- 
tion of this species was also in 1863 and a 
comparison of this earlier description with 
his later figures shows that it is very prob- 
ably the same species. 

It appears, therefore, that Norman con- 
sidered these earlier descriptions without 
figures as preliminary and without nomen- 
clatorial value and that this is the reason 
why he refers to them as M.S. or not at all. 
However, where complete descriptions were 
given, these earlier ones should be regarded 
as describing the species for the first time 
and the species should carry the date of the 
earlier publication. 

Species occurring in these publications 
and often not quoted correctly by later 
workers, including Norman, are: 


LOXOCONCHA GUTTATA (Norman) 
1) Cythere guttata Norman n. sp., Brady 1865, p. 
192 


2) Cythere guttata Norman n. sp., Norman 1867, 
p. 19, pl. VI, figs. 9-12. (Refers to 1 as Cythere 
concentrica Norman M.S., but not of Reuss 
or Williamson). 


LOXOCONCHA MULTIFORA (Norman) 
1) Cythere multifora Norman n.sp., Brady 1865, 
192 


2) Cythere multifora Norman n.sp., Norman 
1867, p. 18, pl. VI, figs. 13-16. (Refers to 1 as 
Cythere rugosa Norman M.S., but not C. 
rugosa of Speyer). 


HIRSCHMANNIA LAEVATA (Norman) = H. 
TAMARINDA (Jones) ? 


1) Cythere laevata Norman n.sp., Brady 1865, p. 
192. 

2) Cythere laevata Norman n.sp., Norman 1867, 
p. 18, pl. V, figs. 13-16 (no reference to 1). 


EUCYTHERE DECLIVIS (Norman) 


Cythere declivis Norman n.sp., Brady 1865, p. 
192. 

Cythere declivis Norman n.sp., Norman 1867, 
p. 16, pl. V, figs. 9-12 (no reference to 1). 


EUCYTHERIDEA BRADII (Norman) 


Cythere n.sp., Norman 1863, p. 266. 

Cythere Bradii Norman n.sp., Brady 1865, p. 
192,193 (no reference to 1). 

Cythere debilis (Jones), Norman 1867, p. 15, 
pl. V, figs. 5-8 (refers to 2 as M. S.). 


4) Cythere Bradiit Norman, Norman 1867, p. 
29 (refers to 1). 


TRACHYLEBERIS DUNELMENSIS 
(Norman) 


1) Cythereis dunelmensis Norman n.sp., Brady 
1865, p. 193. 

2) Cythereis dunelmensis Norman n.sp., Norman 
:" p. 22, pl. VII, figs. 1-4 (no reference to 
1). 


PALMENELLA LIMICOLA (Norman) 


1) Cythere limicola Norman n.sp., Norman 1863, 
p. 266 (nom. nud.). 

2) Cythere limicola Norman n.sp., Mennell 1863, 
p. 199 (no reference to 1). 

3) Cythereis limicola Norman n.sp., Brady 1865, 
p. 193 (no reference to 1 or 2). 

4) Cythereis limicola Norman n.sp., Norman 
1867, p. 20, pl. VI, figs. 1-4 (no reference to 
1,2 or 3). 


CYTHEROPTERON LATISSIMUM (Norman) 


1) Cythere obesa Norman n.sp., Norman 1863, p. 
266 (nom. nud.). 

2) Cythere latissima Norman n.sp., Brady 1865, 
p. 191,192 (no reference to 1). 

3) Cythere latissima Norman n.sp., Norman 
1867, p. 19, pl. VI, figs. 5-8 (refers to 1 and 2, 
adds ‘‘but not C. obesa of Reuss.”’ 

Since Reuss described Cytherina obesa (1850, p. 

56, pl. 8, figs. 26a,b) as compared to Cythere 

obesa of Norman, this does not constitute a case 

of objective synonymy. The fact that Norman did 

not describe Cythere obesa saves us from a com- 

plication in the nomenclature of this species. 


JONESIA SIMPLEX (Norman) 


1) Cythere acuta Baird, Norman 1863, p. 266. 

2) Cythere acuta Norman, Mennell 1863, p. 199. 

3) Cythere simplex Norman n.sp., Norman 1867, 
p. 17, pl. V, figs. 1-4, not C. acuta Baird. 


HEMICYTHERURA CELLULOSA (Norman) 


Cythere cellulosa Norman n.sp., Norman 1867, p. 
22, pl. V, figs. 17-20, pl. VI, fig. 17. 
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AN EMENDATION OF THE DESCRIPTION OF 
NODOSARIA CATESBYI, D’ORBIGNY 


JOSEPH WILLIAM SABOL 
McLean Paleontological Laboratory, Alexandria, Virginia 





During a study of an unconsolidated 
sample of Yorktown (upper Miocene) from 
Surry County, Virginia, the writer noticed 
a particular fact concerning Nodosarta 
catesbyi, d’Orbigny. This species, as _ re- 
ported by Cushman and Cahill (1933), may 
be identified as being composed of two 
chambers; the proloculum, which is sub- 
globular with a short basal spine, and a 
second chamber more pyriform, apertural 
end somewhat prolonged. This description 
corresponds with the original description by 
d’Orbigny (1839). 

In the study of the Yorktown material 
the writer noted specimens of Nodosaria 
catesbyt that were made up of more than two 
chambers. One specimen had three dis- 
tinctly differentiated chambers while others 
had four. Other characteristics of the speci- 
mens complied with the description as given 
by Cushman (1930), Cushman and Cahill 
(1933), and d’Orbigny (1839). The recog- 
nitions of the additional chambers does not, 
in the author’s opinion, necessitate the 
erection of a new species or sub-species; 
rather it is felt that it is an expression of 
variation in form within the original species. 


This same situation was noted by Mc- 
Lean (1956, p. 329) in a sample of the York- 
town from Carter’s Grove, Virginia. It is 
interesting to note that the sample studied 
by the author is considered to be strati- 
graphically similar to the Carter’s Grove 
sample of McLean. McLean reported no 
other specimen of Nodosaria catesbyi from 
any other locality of Yorktown material 
that he studied, and its occurrence at the 
Carter’s Grove outcrop was noted as being 
rare. 
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The internal volume of a pelecypod valve 
may be measured by: (A) dipping the valve 
into a container of water and then pouring 
the water in the shell into a graduated cylin- 
der; (B) filling the inverted valve with 
water measured from a burette; or by a 
method (C) described in this note. 

In method C the valve is placed concave 
downward on the bottom of a vessel which 
is then filled with water. The shell is held on 
the bottom with one hand. A funnel and 
graduated cylinder are placed in the vessel 
and allowed to fill with water (text-fig. 1). 
The stem of the funnel is placed inside the 
graduated cylinder and the funnel with 
cylinder is inverted over the shell (text-fig. 
2). The shell is held concave downward on 
the bottom with the fingers of one hand 
during step 2. The shell is then inverted 
permitting the entrapped air under the 
shell to escape and displace water in the 
graduated cylinder. The volume of air may 
be read directly from the scale on the 
graduated cylinder (text-fig. 3). 

The three methods were compared on 
shells of the pelecypod Dinocardium ro- 
bustum. Internal volume measurements 
made using methods A and C were about 
the same (Table 1). Methods A and C re- 
sulted in higher volume measurements than 





TABLE 1—-COMPARISON OF INTERNAL VOLUME 
MEASUREMENTs OF Dinocardium robustum 
VALUES OBTAINED BY DIFFERENT 
MEASURING TECHNIQUES 








Internal Volume Measurements 








Speci- Method Method Method 
men Velve A (Avg. B (Avg. C (Avg. 
Number ‘2'V€ of 5 of 2 of 5 
trials, trials, trials, 
cc.) cc.) cc.) 
2 Right 49.0 —- 50.0 
4 Right 49.1 — 47.2 
4 Left 47.2 40.8 45.6 
5 Left 50.6 45.0 — 
6 Right 105.0 — 102.0 
6 Left _ 79.7 82.0 
7 Right 8.0 — 7.5 
10 Left 119.0 108.2 118.0 
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TeExtT-F1G. 1—The shell is placed on bottom of 
vessel which is then filled with water. A funnel 
and graduated cylinder are placed in the vessel 
and allowed to fill with water. The shell is held 
in place with one hand (not shown). 

TExT-F1G. 2—The funnel stem is placed inside a 
graduated cylinder and both are inverted over 
the shell. The shell is held in place with the 
fingers of one hand (not shown). 

TEXT-FIG. 3—The shell is overturned under the 
funnel. The air that escapes from under the 
shell displaces water in the graduated cylinder. 
The volume of displaced water is read directly 
from the scale of the graduated cylinder. 


did method B (Table 1). It has not been 
determined which method better approxi- 
mates the true volume. Method A has the 
advantage of simplicity and _ rapidity. 
Method B probably gives least reproduci- 
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TABLE 2—COMPARISON OF THE COEFFICIENT OF RELATIVE VARIATION OF INTERNAL VOLUME 
MEASUREMENTS OF Dinocardium Robustum VALVES MADE WITH METHOpDs A AND C 








Number 
Type of 
Valve Measure- 
ments 


Method 
of 
Measuring 


Specimen 
Number 


Coeffi- 
cient of 
Relative 

Variation 


Arith- 
metic 
Average 
(cc.) 


Standard 
Deviation 
(cc.) 


Observed 
Range 
(cc.) 





Right 
Right 
Left 
Left 


47.2 
49.1 
45.6 


1.16 
0.99 
2.69 


45 .2-48.5 
47 .6-50.0 
42 .0-49.5 
45 .5-49.0 


2.45% 





bility by different operators because judge- 
ment is involved in deciding when the 
shell is to be considered filled with water. 
Method C has almost the same degree of 
reproducibility as method A (Table 2). The 
accuracy of method C may be increased by 
adjusting the water level in the large vessel 
so that it is the same as the water level in the 
graduated cylinder when readings are made. 

Method C was devised specifically to 
determine the volume of air entrapped be- 
neath pelecypod valves containing holes 
drilled by snails when the valves are in a 
concave downward position and covered 
with water (text-fig. 4). The amount of air 
entrapped beneath the valves depends on 














TEXT-FIG. 4—Cross-section of pelecypod shell 
with snail-drilled-hole showing entrapped air. 


the diameter and position of the snail- 
drilled-hole so that it is not possible to 
make this measurement using either method 


A or B. 


OCCURRENCE OF FORAMINIFERA AND CONODONTS IN UPPER 
PALEOZOIC AND TRIASSIC ROCKS, NORTHERN ALASKA! 


HARLAN R. 


BERGQUIST 


U. S. Geological Survey 





INTRODUCTION 


Agglutinate Foraminifera of late Paleo- 
zoic age and fragmented compound and 
plate-like conodonts that are apparently of 
Middle to Late Triassic age have been 
found in rock samples collected from the 
Siksikpuk formation (Permian?) and Shub- 
lik formation (Triassic) in northern Alaska. 
These known occurrences are at widely 
separated localities (text-fig, 1) between 
long 150°43’W and 160°30’W, in a narrow 
belt of outcropping Paleozoic and Triassic 


1 Publication authorized by the Director, U. S. 
Geological Survey. 


rocks which parallels the north front of the 
Brooks Range. The samples were collected 
for general microfossil studies by U. 5S. 
Geological Survey geologists during the 
1949, 1950, and 1951 field seasons. Some of 
the sample material, as well as slides pre- 
pared in the Survey laboratory at Fairbanks, 
Alaska, was examined by Wilbert H. Hass 
in 1951 and 1957. Hass identified the 
genus Gondolella in a few of the samples and 
recognized a fragment of Hindeodella in one 
sample (written communication). 

No further work has been done in this 
belt of Paleozoic and Triassic rocks since 
1951, and relatively few samples of Triassic 
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TEXT-FIG. 1—Index map of northern Alaska showing location of fossil ‘collections. 


rocks were collected. Thus it has not been 
possible to secure additional material to 
fully evaluate the occurrences of the cono- 
donts or to enlarge the collection of Paleo- 
zoic Foraminifera. In view of the recent 
papers describing conodonts in rocks of 
Early Triassic age in Idaho, Nevada, and 
Utah by Youngquist (1952), Miiller (1956), 
and Clark (1959), however, reappraisal of 
the conodont occurrences in Alaska is 
needed. Furthermore, the intensified search 
for petroleum in Alaska in the last two or 
three years has stimulated interest in all 
phases of Alaskan stratigraphy and paleon- 
tology. Thus this note is intended only to 
document the few presently known occur- 
rences in Alaska of late Paleozoic Forami- 
nifera in the Siksikpuk formation and of 
conodonts in rocks that are now recognized 
as of Middle to Late Triassic age, as here- 
tofore this information has not been pub- 
lished. 


Most of the conodonts and Paleozoic 
Foraminifera in the Alaskan collection came 
from samples from the Tiglukpuk Creek 
area (text-fig. 1) where the Shublik forma- 
tion disconformably overlies the Siksikpuk 
formation. Other collections came from 
widely separated localities where only one or 
the other of the formations is exposed; they 
are briefly discussed here to indicate the geo- 
graphic distribution of these fossils. 


FORAMINIFERA OF THE SIKSIKPUK 
FORMATION 


Tiglukpuk Creek area, collection 1: The 
largest collection of late Paleozoic Forami- 
nifera is from the Tiglukpuk Creek area. 
William W. Patton, Jr., and A. S. Keller col- 
lected a few samples from a section of ap- 
proximately 300 feet of red and green shale 
and siltstone exposed in a cutbank on the 
east side of a small tributary to Tiglukpuk 
Creek at about lat 68°17’N and long 
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151°48’W. These beds crop out above 
strata of Mississippian age and below the 
Triassic Shublik formation. The section 
was designated the type locality of the 
Siksikpuk formation by Patton (1957, p. 
41) and described as follows: 

‘The Siksikpuk formation is composed chiefly 
of variegated green, gray, and dark red shale 
and siltstone that locally are notably calcare- 
ous, cherty, or ferruginous. All gradations from 
thin, fissile clay shale to platy silty shale to 6- 
inch beds of siltstone occur. Ellipsoidal con- 
cretions of barite characterize the lower two- 
thirds of the sequence. The variegated nature 
and the bright yellow and orange weathering 
of the ferruginous beds serve to distinguish, 
even at a distance, the Siksikpuk formation 
from the gray limestone and dark shale and 
chert of the underlying Lisburne group and 
from the dark shale of the overlying Shublik 
formation.” 


A Permian age was suggested from identi- 
fications of corals by Helen Duncan and of 
brachiopods by J. Thomas Dutro, Jr. 
(Patton, 1957). 

Foraminifera in the red and green shale 
samples of the type section of the Siksikpuk 
formation include the following: tubular 
sections and initial bulbous portions of one 
or more species of Hyperammina; com- 
pressed tests of a species of Thurammina; 
segments of a robust form of Reophax?; 
common to abundant large and small tests 
of a species of Involutina; small specimens of 
Glomospira sp. and a few large contorted 
specimens similar to Glomospira articulosa 
Cushman and Waters; small flattened tests 
of Glomospirella sp. in one sample and a few 
tests of a slender delicate form of Ammo- 
baculites in 2 samples; and robust tests of a 
biserial form which is more or less the same 
width throughout and is quadrate in 
apertural end view. The last mentioned 
may belong either to Spiroplectammina or 
possibly to Mooretinella, as the initially 
coiled portion is not clearly discernible and 
appears to be more trochoid than plani- 
spiral. In addition there are two or more 
species of Trochammina. Some specimens 
resemble 7. arenosa Cushman and Waters 
of the Middle and Upper Pennsylvanian of 
Texas, and some are similar to T. grahamen- 
sts Cushman and Waters of the Upper 
Pennsylvanian of Texas (Cushman and 
Waters, 1930, p. 68-69). Specimens are for 
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the most part stained red or have a greenish 
cast, depending on the rock type from 
which they came. 

Oolamnagavik River area, collections 2 and 
2a: A foraminiferal fauna consisting of 
abundant specimens of a large species of 
Involutina, a few tubular and compressed 
sections of Hyperammina sp., compressed 
specimens of Thurammina sp. and a few 
tests of Spiroplectammina? or Mooreinella?, 
plus a few discoidal Radiolaria (Cenodis- 
cidae?) was found in two samples col- 
lected in 1950 by R. M. Chapman from 
beds of the Siksikpuk formation along the 
west fork of the Oolamnagavik River at 
lat 68°32’N., long 154°31’W. and lat 
68°28’N., long 154°27’W. This is approxi- 
mately 65 miles west of the type locality of 
the Siksikpuk formation in the Tiglukpuk 
Creek area. 

Etivluk River area, collection 3: In 1950, 
C. D. Reynolds collected samples from the 
Siksikpuk formation along the east fork of 
the Etivluk River (lat 68°22’N., long 
155°35’W.) which yielded numerous red- 
stained specimens of the same large species 
of Involutina, plus fragments of a few other 
agglutinate Foraminifera. 

Kuna River area, collections 4 and 4a: 
Foraminifera of the Siksikpuk formation 
were also found in two samples from red 
and green shale collected by I. L. Tailleur 
near the headwaters of Cutaway Creek, 
tributary to Kuna River, at lat 68°33’N., 
long 157°28’W. and lat 68°35’N., long 
157°33’W., approximately 140 miles west of 
the type locality of the Siksikpuk forma- 
tion. In one sample there were numerous 
sections of Hyperammina sp. and specimens 
of Involutina sp., plus a few specimens of 
Thurammina sp., Glomospira sp. and Tro- 
chammina sp. aff. T. arenosa Cushman and 
Waters. The other sample yielded abundant 
specimens of IJnvolutina sp., fragments of 
Hyperammina sp., a few specimens of 
Glomospira sp., Ammobaculites sp. (narrow 
form), and Trochammina sp. 


Conodonts associated with Foraminifera, 
Siksikpuk formation (?) 


Kiligwa River area, collection 5: Broken 
conodonts and agglutinated Foraminifera 
similar to species from the Siksikpuk forma- 
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tion in the Tiglukpuk Creek area were 
found in a sample of presumed Permian age 
collected by B. H. Kent from the Kiligwa 
River area, approximately 180 miles west of 
the type locality of the Siksikpuk forma- 
tion. All the microfossils in this sample are 
stained red. The conodonts are a large spe- 
cies of Gondolella and have smooth platforms 
and low nodes along the axis. Specimens ap- 
pear to be much like species described from 
the Permian Phosphoria formation of Idaho 
(Youngquist, 1951). To date this occurrence 
of conodonts in late Paleozoic rocks is the 
only one known in the Alaskan collections. 


Conodonts and associated Foraminifera, 
Shublik formation 


Tiglukpuk Creek area, collection 6: In 
1950, samples were collected by Patton 
from black shale of the Shublik formation of 
Triassic age which overlies the Siksikpuk 
formation. Concerning these beds, Patton 
and Matzko (1959, p. 7) state: 

The Shublik formation is composed prin- 
cipally of highly carbonaceous grayish-black 
shale, chert, and limestone. The dark color dis- 
tinguishes it from the variegated rocks of the 
underlying Siksikpuk formation. In the Tig- 
lukpuk Creek and upper Kiruktagiak River 
areas the Shublik formation can be subdivided 
into three members: (a) the lower member of 
black, gray, and greenish-gray shale with minor 
intercalated dark limestone; (b) a middle mem- 
ber of dark siliceous limestone, black paper 
shale, and dark, calcareous shale; and (c) an 
upper member of dark, fossiliferous limestone 
capped by dark shale. 


The lower member of the Shublik forma- 
tion in this area is more than 500 feet thick 
and has an ammonite-pelecypod fauna 
which has been dated as early Middle 
Triassic by Bernhard Kummel (Patton and 
Matzko, 1959, p. 8). The middle and upper 
members of the Shublik formation as de- 
limited by Patton in the same area are ap- 
proximately 150 feet and 80 feet thick, re- 
spectively, and have a typical Late Triassic 
assemblage of fossils including Monotis sub- 
circularis (Gabb) and Halobia sp. (Patton 
and Matzko, 1959, p. 8). 

Seven samples for microfossil studies 
were collected from the lower member of the 
Shublik formation and one sample from 
each of the other two members. A small 
foraminiferal fauna was found in these 
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samples, with fragments of compound and 
plate-like conodonts in every sample above 
the lowest 100 feet. 

Only very rare to rare fragments or 
broken specimens of compound conodonts 
were in the material from the middle part 
of the lower member; the samples from the 
uppermost 150 feet of the member contained 
common to abundant plate-like conodonts 
as well as numerous fragments of the com- 
pound type. Several specimens of plate-like 
conodonts and very abundant fragments of 
compound forms were found in the sample 
from the middle member of the Shublik 
formation, but only two fragments of com- 
pound conodonts were in the sample from 
the upper member. 

Foraminifera in the samples from the 
lower member of the Shublik formation in- 
clude segments of Tolypammina, a small 
species of Jnvolutina, a small form of 
Gaudryina, delicate tests of a small Am- 
mobaculites, a slender species of Spiro- 
plectammina, and, in the uppermost 100 feet 


' of the member, a few specimens of Recto- 


glandulina lata (Tappan) and R. simp- 
sonensts (Tappan). 

The middle and upper members of the 
Shublik formation yielded only a few speci- 
mens of Astacolus connudatus Tappan, 
Nodosaria shublikensis Tappan, and Rec- 
toglandulina simpsonensis (Tappan). These 
three species and R. lata (Tappan) (found 
in the lower member) were described by 
Mrs. Loeblich (Tappan, 1951) from beds 
of the Shublik formation of Late Triassic 
age in the Sadlerochit River area, north- 
eastern Alaska (east of the area of text- 
fig. 1), and from equivalent subsurface beds 
in wells in the Point Barrow and Cape Simp- 
son areas. 

Welcome Creek area, collection 7: Cono- 
donts were found in two of six microfossil 
samples collected by Patton in 1950 from 
beds of the Shublik formation in the Wel- 
come Creek area, approximately 25 miles 
northeast of the Tiglukpuk Creek area (ap- 
proximately lat 68°25’N., long 150°48’W.), 
or about 6 miles northeast of Shainin Lake. 
One sample contained numerous broken 
specimens of plate-like conodonts (gondolel- 
lids) along with a few fragments of com- 
pound conodonts, abundant specimens of 
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Astacolus connudatus, and a few specimens 
of Nodosaria shublikensis, Rectoglandulina 
simpsonensis, and Vaginulinopsis acrula 
Tappan. The Foraminifera suggest a Late 
Triassic age for the sample. 

Although too fragmented for positive 
identification, some of the compound cono- 
donts from the Tiglukpuk Creek and Wel- 
come Creek areas can be tentatively identi- 
fied as being hindeodellids and others as be- 
ing prioniodinids. In addition there are 
two and possibly three species of Gondolella 
in these collections. The nodes along the 
axes of these specimens are generally larger 
and more denticulate than those present 
along the axis of the Permian(?) gondolel- 
lids from the Kiligwa River area. 

Kiruktagiak River area, collection 8: A 
few fragments of compound conodonts were 
found in two samples collected in 1949 by 
I. L. Tailleur from beds of the Shublik 
formation exposed along Monotis Creek, a 
tributary of the Kiruktagiak River (see 
text-fig. 1). Two other samples collected by 
Patton in 1951 from the Shublik carried a 
few broken gondolellid conodonts. No other 
fossils were found in any of these samples 
which came from an area approximately 30 
miles west of Tiglukpuk Creek at approxi- 
mately lat 68°23’N., long 152°47’W. Litho- 
logically the formation is similar in both 
areas, but here is much thinner, particularly 
the lower member which is only 100 feet 
thick (Patton and Matzko, 1959, p. 8). The 
samples probably are from the middle 
member. 

Noluck Lake area, collection 9: A few 
conodonts were found in three samples of 
black shale collected by J. T. Dutro, Jr., 
from an outcrop north of Thunder Moun- 
tain along Thunder Creek, about 7 miles 
southwest of Noluck Lake (approximate lat 
68°45'10"N., long 160°17’20’W.) (see text- 
fig. 1). Two samples were relatively high 
in the formation, above an occurrence of 
Daonella? sp. and about 60 to 75 feet below 
an occurrence of the Triassic pelecypod 
Monotis subcircularis (Gabb). The third 
sample came from a horizon about 100 feet 
below the Monotis bed. A few broken 
gondolellid specimens and numerous frag- 
ments of compound conodonts were found 
in the two higher samples along with 
silicified internal molds of chambers of 
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nodosarian Foraminifera, a few specimens 
of Lagena? sp. and discoidal specimens of 
Radiolaria belonging to either the Cenodis- 
cidae or the Phacodiscidae. The lower sample 
contained only fragments of compound 
conodonts and a few discoidal Radiolaria. 
A specimen of Nodosaria shublikensis in 
one of the higher samples suggests Late 
Triassic age. 

Fragments of conodonts were common in 
a sample (collection 10) collected by E. G. 
Sable in 1950 from a rubble of shale and 
chert associated with Monotis-bearing lime- 
stone of the Shublik formation(?) in a cut- 
bank on the east side of Kidney Creek, a 
tributary of Driftwood Creek, lat 63°43’10" 
N., long 160°31’50’W. Hass _ identified 
Gondolella fragments, a Hindeodella frag- 
ment, and other fragments of blade-like, 
bar-like, and plate-like conodontsin material 
he examined from this sample (written 
communication). 


CONCLUSIONS 


Presence of conodonts in samples col- 
lected over a distance of more than 250 
miles indicates their apparent distribution 
throughout the Triassic rocks of the north- 
ern foothills of the Brooks Range. Some of 
the occurrences are in rocks containing 
megafossils by which an age range from 
Middle to Late Triassic can be established. 
All the samples are from complexly faulted 
rocks of an overthrust zone, which might 
suggest that the conodont-bearing samples 
are not in situ. This is considered unlikely, 
however. Reworking of the fossils from 
Paleozoic strata is also considered un- 
likely, as the conodonts do not look worn. 
Furthermore, no conodonts were found in 
the type section of the Siksikpuk formation, 
which is overlain by the conodont-bearing 
Shublik formation. The presence of the 
conodonts in these Triassic rocks thus 
makes their time range greater than has been 
found elsewhere on the North American 
continent. 
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NOMENCLATURAL NOTE 


CORRECTION OF BRACHIOPOD NAMES 


G. ARTHUR COOPER 
U. S. National Museum 





Dr. A. J. Rowell, University of Notting- 
ham, England, who is preparing the section 
on Brachiopods for the Treatise on Inver- 
tebrate Paleontology, called my attention to 
two linguloids described in “‘Chazyan and 
Related Brachiopods,”’ that are preoccupied: 

Glyptoglossa Cooper, 1956, p. 226, is pre- 
occupied by Glyptoglossa Brenske, 1895 


(Ann. Mus. Stor. nat. Genova, vol. 35, p. 


223—Coleoptera). For the preoccupied 
name I substitute Glyptoglossella, with type 
species Glyptoglossa cavellosa Cooper, 1957, 
p. 227. 


Pachyglossa Cooper, 1956, p. 223, is pre- 
occupied by Pachyglossa Hodgson, 1843 
(Jour. Asiatic Sol. Bengal, vol. 12, p. 1009— 
Aves) and Pachyglossa Fauvel, 1868 (nom. 


-nov. pro Euryglossa Fauvel, 1866, Bull. 


Soc. Linn. Normandie, (2), vol. 2, 1867, p. 
379—Coleoptera). Pachyglossella is sub- 
stituted with type species Pachyglossa 
dorsiconvexa Cooper, 1956, p. 225. 
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CENOZOIC ECHINOIDS OF EASTERN UNITED 
STaTES. C. Wythe Cooke. Geological 
Survey Professional Paper 321, 106 pp., 
43 pls. For sale by the Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C. $3.00. 


Fossil echinoids can be very useful to the 
stratigraphic paleontologist. Their strati- 
graphic range is usually short, their geo- 
graphic distribution often wide, and iden- 
tification relatively easy. Because of their 
scarcity, they are of little stratigraphic sig- 
nificance in Paleozoic rocks. However, in 
the Mesozoic and especially Cenozoic for- 
mations, they are often common and are 
valuable ‘‘markers.”” C. Wythe Cooke’s 
paper will be of considerable assistance to 
stratigraphers working in the Cenozoic 
deposits of eastern United States. 

One-hundred and forty-four species and 
subspecies, assigned to sixty genera and 
four subgenera, are described from the 
Atlantic and Gulf Coastal Plain of the 
United States and adjacent waters. Three 
new genera and eight new species are de- 
scribed. There is a detailed discussion of the 
stratigraphy and the faunas. The major 
usefulness of these echinoids for strati- 
graphic purposes is that almost all the 
species are restricted to a single time unit. 
For example, all the eighteen species known 
from the Paleocene are restricted to the 
Paleocene. 

Dr. Cooke is to be commended especially 
for providing an excellent key to the genera, 
and to many of the species. No doubt these 
keys were difficult to prepare, but their 
usefulness, in a paper to be used by non- 
specialists dealing with many species of 
diverse genera, certainly justifies the effort. 
As a further aid to the non-specialist, the 
author has included a glossary of mor- 
phological terms used in the paper. 

With each genus, Cooke includes a synon- 
ymy of the more important citations, a 
brief description of the type species, and 
the name of its designator. This latter item 
is of particular value because Mortensen 
was mistaken in his citation of many of the 
type species and seldom indicated the des- 
ignator. Each species has a full synonymy 


and brief description, with comments on 
occurrence, age, and location of type speci- 
mens. The bibliography includes not only 
all the cited references, but also the titles of 
general works on the Cenozoic of the 
Americas. 

The plates are excellent. Almost all spe- 
cies are figured, many with four views of 
one specimen, or several views of different 
specimens of a species. The profusion and 
high quality of the photographs make the 
plates one of the outstanding features of 
this paper. Cooke is to be congratulated on 
being able to place so many pictures on one 
plate, and at the same time on keeping the 
figures of one species in close proximity to 
each other. Furthermore, he has indicated 
the magnifications, when not natural size, 
on the plate near each figure. This proce- 
dure is most helpful and saves the reader 
from having to take time to check the plate 
explanation for each figure. It also prevents 
a reader from assuming that a picture is 
natural size. 

In conclusion, this work will be most use- 
ful to both the stratigraphic paleontologist 
and the echinoid specialist. Because of its 
excellent plates, glossary, and key, the 
stratigraphic paleontologist should be able 
to identify most of the known species of 
Cenozoic echinoids of eastern United States 
that he encounters in his work. To the 
echinoid specialist, this paper will serve as a 
foundation for more detailed studies in 
the morphology, variation, and phylogeny 
of these echinoids. 

PoRTER M. KIER 
U.S. National Museum 


THE MORPHOLOGY AND ANATOMY OF THE 
AMERICAN SPECIES OF THE GENUS Psa- 
ronius. By Jeanne Morgan. Illinois Bio- 
logical Monographs, No. 27. December 
21, 1959. Paperbound, $3.00; clothbound, 
$4.00. 


This monograph is a valuable contribu- 
tion to our knowledge of a genus of complex 
Pennsylvanian and Permian tree ferns that 
have never become well understood. Six 
valid species, three new, are dealt with, 
and these constitute the species presently 
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known from North and South America. In 
addition, three earlier described species are 
relegated to synonymy, and three more 
names are discarded as having not been 
founded on adequately preserved material. 

Most of the new material described was 
preserved in coal balls from the Upper 
McLeansboro group near Berryville, Illinois, 
and from the Cherokee shale of the Des 
Moines series near West Mineral, Kansas. 

The relatively slender Psaronius stem 
attained a height of at least 10 m. and bore a 
crown of frondlike leaves at the top. Along 
most of the length of the stem adventitious 
roots emerged which as they trailed down 
the stem formed a thick mantle or sheath 
that became thicker toward the base. This 
root sheath thus was responsible for most 
of the mechanical strength of the trunk. 
Within this root sheath the obconical stem 
shows marked structural differences from 
the base to higher levels. On the lower por- 
tions of some stems the fronds were spirally 
arranged with three orthostichies, but 
higher, where the stem is wider, the number 
of orthostichies increases to as many as 14 
or more, and the spiral arrangement changes 
to a whorled condition with the fronds in 
alternating verticils of seven‘ or more each. 
This change in phyllotactic pattern is ac- 
companied by a corresponding increase in 
the number of vascular strands that show 
in a particular cross section at a given level. 
Evidence is presented to show that the num- 
ber of vascular strands and leaf orthostichies 
at any one horizon are not sound as specific 
characters. 

The book provides much detailed in- 
formation on the six recognized Psaronius 
species in the New World and gives a better 
understanding of the relation between 
structure and stage of development within 
the genus in general than we have possessed 
before. However, the book is not, as the 
title might imply, a complete work. Only 
one specimen is described of the well known 
beautifully silicified Psarontus trunks that 
occur in southern Ohio. This lone specimen 
rates a rather cursory description of less 
than one page and two figures. The quite 
long and rather detailed descriptions of the 
other five species would be considerably 
enhanced and rendered much easier to fol- 
low if the twenty-two line drawings as- 
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sembled into plates at the back were in- 
terspersed through the text at appropriate 
places. 


C. A. ARNOLD 
University of Michigan 


MIOCENE FLORAS OF THE COLUMBIA 
PLATEAU. Part I. Chaney, Ralph W. 
Composition and Interpretation. Part II. 
Chaney, Ralph W., and Daniel I. Axel- 
rod. Systematic Considerations. Carnegie 
Institution of Washington, Publication 
617. viii+237 p. Illus. 1959. Paper $4.25, 
cloth $4.75. 


Paleobotanical studies relating to the 
Miocene floras of western North America 
began as early as 1865. Studies by sub- 
sequent investigators have contributed ad- 
ditional information, and with the develop- 
ment of new techniques (i.e., pollen anal- 
ysis), larger collections, and a_ greater 
knowledge of the structure, composition, 
distribution and ecology of modern floras, 
information is 
available concerning fossil floras of the 
Columbia Plateau region. In this publica- 
tion Chaney and Axelrod summarize exist- 
ing information, supplement this data with 
results from their own research and present 
revised interpretations of the history and 
paleoecological significance of these Mio- 
cene floras. 

Part I. Composition and Interpretation. 
There are twenty-two floras of Middle to 
Late Tertiary age in western North Amer- 
ica. Three of these, in Oregon, are considered 
in detail: The Mascall flora, exposed along 
the East Fork of the John Day River; the 
Blue Mountain flora, exposed in three lo- 
calities in the drainage basin of the Middle 
Fork of the John Day River in Grant 
County; and the Stinking Water flora, ex- 
posed within the Stinking Water Basin in 
northeastern Harney County. All are ap- 
parently of Middle Upper Miocene age. 

Each of the floras is discussed under the 
headings, Introduction, in which previous 
collectors and collection sites are given; 
Geologic Occurrence; Composition; and 
Paleoecology. The Mascall formation con- 
sists of a series of rhyolite tuffs, with dia- 
tomite in the lower portions, and associated 
sand and gravels. Its floral composition does 
not correspond exactly to any modern 
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forest, although it is considered, with several 
other similar floras, to constitute the more 
inclusive Arcto-Tertiary Geoflora. The Mas- 
call flora consists of megafossils from 28 
families, 46 genera, and 68 species. Ten new 
species are described. The most abundant 
remains are of Taxodium, Quercus, Carya, 
Platanus, Acer, Metasequoia, Ginkgo, Ulmus, 
Cedrela, and Betula with lesser amounts of 
Nyssa, Hydrangea, Typha, Zelkova, Ptero- 
carya, Persea, Ostrya, Liquidambar, Thuja, 
Keteleeria, Libocedrus, Salix, Fraxinus, 
Pinus, Crategus, Abies, Cercidiphyllum, 
Populus, Fagus, Gymnocladus, Cephalo- 
taxus, Sassafras, Smilax, Mahonia, Lindera, 
Albizzia and others. Comparison of the fossil 
remains with modern floras indicates that 
the affinities of the Mascall flora lie with the 
temperate vegetation of eastern Asia, east- 
ern North America, and western North 
America: ‘“‘Although there is no living forest 
which duplicates the Mascall flora in all re- 
spects, the swamp cypress forests of the 
Mississippi Valley and the forests of the 
uplands in eastern North America and 
eastern Asia may together provide a basis 
for reconstructing the vegetation of the 


John Day area during the Miccenc epech.” 

The Blue Mountain flora is preserved in 
white, thin-bedded alternating layers of 
diatomaceous earth and volcanic sand. It 


consists of remains from twenty-three 
families, thirty-two genera, and forty-six 
species. Seven new species are described. 
There is a close species relationship between 
the Blue Mountain flora and the Mascall 
flora, but the dominant Blue Mountain 
species are rare in the Mascall flora. This 
quantitative difference is most conspicuous 
in the conifer element, with no dominant 
species in common. Chaney suggests that 
these differences are a reflection of topo- 
graphic diversity and, as opposed to the 
lowland Mascall flora, ‘“‘the Blue Mountain 
flora is made up of plants which lived on 
the shores of upland lakes, and on the 
slopes adjacent.” 

The Stinking Water flora is also preserved 
in volcanic sediments which vary from 
sandy shales to fine white ash with inter- 
fingering flows of basalt. Diatomite is ab- 
sent. Remains from twenty-one families, 
twenty-six genera, and forty-one species 
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are preserved. Seven new species are de- 
scribed. A close relationship exists between 
this flora and that of the Mascall forma- 
tion. The most abundant gymnosperm, 
Glyptostrobus oregonensis Brown, is not 
present in the Mascall flora, but it is con- 
sidered to be a lowland species. With re- 
gards to climatic affinities, Chaney states, 
“With the exception of Cedrela, Glypto- 
strobus and Keteleeria, all the Stinking 
Water genera are typically north temperate 
in distribution today.” 

A comparison is made with other Miocene 
floras of adjacent areas: The Latah flora of 
Washington and Idaho, the Payette flora 
of Idaho, the Succor Creek flora of Idaho 
and Oregon, the Trout Creek flora of Ore- 
gon, and the Upper Cedarville flora of 
California and Nevada. A complete and 
revised species list is given for each flora. 
It is concluded that all are of Middle Upper 
Miocene age and constituted four major 
forest types during that time: the swamp 
cypress forest (Mascall and Latah), the 
Glyptostrobus forest (Stinking Water), 
the evergreen oak-Gordonia-Maple forest 
(Blue Mountain, Payette, and Trout Creek) 
and the mountain conifer forest. 

The last section, Correlation and Age, 
presents geologic and paleobotanical evi- 
dence for assuming these floras to be of the 
same age. 

Part II. Systematic Considerations. This 
section represents a valuable compilation 
of fossil plants and pertinent literature 
concerned with floras of Miocene age in 
western North America. Under each family 
the genera and species are listed with ref- 
erences to the original descriptions, other 
occurrences are cited, and a brief discussion 
of the paleoecologic significance of the re- 
mains is presented. Twenty-four new species 
from the Mascall, Blue Mountain, and 
Stinking Water floras are described and 
numerous recombinations are made. The 
forty-four plates containing 343 illustrations 
and the bibliography of 191 references 
should contribute to make this significant 
publication indispensable for further in- 
vestigations of Miocene floras. 


ALAN GRAHAM 
University of Michigan 





NOTICES 
PLASTER CASTS OF TEXAS CRETACEOUS TYPE INVERTEBRATES 


The Bureau of Economic Geology of The 
University of Texas announces availability 
for sale or exchange of a large number of 
plaster casts of Texas Cretaceous type 
pelecypods, gastropods, ammonites, and 
echinoids. Represented are 87 species and 
90 types, including 70 primary types (holo- 
types, paratypes, and syntypes), and 20 
hypotypes. 

More than half of the specimens are 
ammonites; there are also casts of type 
specimens of many species described by 


Adkins, Bése, and Cragin. Most of the 
original specimens have been figured in 
Bureau publications, and all are in the in- 
vertebrate fossil collections at the Bureau 
museum building on the Little Campus, 
18th and Red River Streets, Austin. 

A list of these available casts will be 
sent upon request addressed to Bureau of 
Economic Geology, University Station, 
Box 8022, Austin 12, Texas. 

Joun T. LonspDALe, Director 


A TRANSFER OF TYPES AND FIGURED SPECIMENS 


This communication is for the purpose of 
announcing the transfer of types and figured 
specimens from the University of Wisconsin 
paleontological collections to the U. S. 
National Museum. The bulk of this material 
consists of the R. P. Whitfield Collections 
described by Whitfield in Part 3 of Volume 
4 “Geology of Wisconsin, a survey of 


1873-1879” and which was published in 
1882. Most of the material is Cambrian and 
Ordovician in age. 

The purpose of the transfer is to make the 
collection more accessible to more students 
and to insure the safety and care of these 


important types. 
RoGER L. BATTEN 





SOCIETY RECORDS AND ACTIVITIES 


In accordance with Article 3, Chapter 1, 
of the By-Laws of the Paleontological So- 
ciety, the names of new members approved 
by the Council are as follows: 


Banks, HARLAN P., Botany Dept., Cornell Uni- 
versity, Ithaca, N. Y.: John W. Wells, W. 
Storrs Cole. 

BeErG, Larry DALE, 210 N. 8th Street, Grand 
Forks, N.D.: F. D. Holland, JR., James Chmelik 

CARLSON, CLARENCE G., University Station, 
Grand Forks, N.D.: F. D. Holland, Jr., James 
Chmelik 

Carson, CARLTON MANN, 455 East Main Street, 
Ventura, Calif.: Orville Lee Bandy, C. C 
Church 

CHAPMAN, JOHN SHERMAN, 2005 Austin, Apt. 6, 
Amarillo, Texas: William McBee, Jr., Paul 
W. Nygreen 

Davis, LYNN (Miss), 135 Scott Hall, Oxford, 
Ohio: Karl E. Limper, K. E. Caster 

FOosTER, NEAL ROBERT, Dept. of Conservation, 
Fernow Hall, Cornell University, Ithaca, N. Y. 
John W. Wells, W. Storrs Cole 

HuGHEs, RICHARD Davip, Memorial Univ. of 
St. John’s, Newfoundland, Canada: V. J. 
Okulitch, M. Y. Williams 

KLUCKING, EDWARD PauL, 1290 Hopkins Street, 
Apt. 5, Berkeley 2, California: Wayne L. Fry, 
R. L. Langenheim, Jr. 

LEEDs, HARRIET DEE, 211 Scott Hall, Miami 
University, Oxford, Ohio: Karl E. Limper, 
Kenneth E. Caster 

NORFORD, BRIAN SEELEY, Shell Oil Co. of Can- 
ada, Box 100, Calgary, Alberta, Canada: Carl 
O. Dunbar, Karl M. Waagé 

OsGoop, RICHARD GROSVENOR, JR., Dept. of 
Geology, Univ. of Cincinnati, Ohio: K. E. 
Caster, John N. Pope 

PHILLIPs, ToMMy LEE, Henry Shaw School of 
Botany, Washington University, St. Louis 5, 
Missouri: James M. Schopf, Henry N. Andrew, 


Tr. 

RAYMOND, WILLIAM HEnry II, 22 East Walnut 
Street, Oxford, Ohio: K. E. Caster, Karl E. 
Limper 

REINHART, Roy HERBERT, Dept. of Geology, Mi- 


ami University, Oxford, Ohio: K. E. Caster, 
John N. Pope 

RODRIGUEZ, Joaguin, Dept. of Geology and 
Ge ography, Hunter College, Bedford Park, 
i ant West, New York 68, N. Y.: R. M. 
Finks, Frederick P. Young 

ROELLIG, HAROLD FREDERICK, 310 W. 105th 
Street, New York 25, N. Y.: Edwin H. Colbert, 
Norman D. Newell 

ROWELL, ALBERT JOHN, Department of Geology, 
Nottingham University, Nottingham, Eng- 
land: Richard Cifelli, G. Arthur Cooper 

SINGH, YOGENDRA LALL, Nepal Bureau of Mines, 
Kathmandu, Nepal: Stuart A. Northrup, 
Sidney R. Ash 


SOCIETY NEWS 
The Council of the Paleontological So- 


ciety has established an Endowment Fund ~ 


for the Society, the proceeds from which will 
be devoted to the publication requirements 
of the Society. It is heartening to acknowl- 
edge the first contribution to this fund by 
the Paleontological Society of Washington 
(D. C.) in the amount of fifty dollars. 

In his letter accompanying the check 
from the Paleontological Society of Wash- 
ington, President Norman F. Sohl wrote as 
follows: 

“We hope that this contribution will 
initiate establishment of a permanent fund 
in the Paleontological Society, and en- 
courage other groups and individuals who 
are concerned for the future of the Journal 
of Paleontology to support it beyond mere 
payment of dues.” 

To these generous and hopeful words I 
would like to add my own AMEN and that 
of the Council of the Paleontological So- 
ciety! 

KENNETH E. CASTER, President, 
Paleontological Society 


SPECIAL PROGRAM ON TECHNIQUES 


The Paleontological Society will have as 
part of its program at the Denver meeting 
of the Geological Society of America in 
November a special session devoted to 
paleontological techniques. This _ special 
program is to consist mainly of demonstra- 
tions of fossils and the materials and tech- 
niques used for their study. We hope to have 
a large meeting room lined by small tables 
where each participant will be able to dis- 
play his ‘‘wares.”’ In this fashion the meeting 
will provide a medium for informal discus- 
sions. 

A short session of formally presented 
papers is also planned especially for those 
with contributions not readily handled by 
the demonstration technique. Anyone who 
wishes to participate in this program is en- 
couraged to write to Bernhard Kummel, 
Museum of Comparative Zoology, Harvard 
University, Cambridge, Mass. 
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GEOLOGICAL INSTRUMENTS, ETC. 


SURVEYING INDIAN 
RANGEFINDERS CLINOMETERS 


Coincidence type. Base 80 cm. Range  250- 
10,000 yards. Good serviceable condition. Base 914 in. Ministry release 
Freight charges at cost. Short or tall tripod can at fraction of cost. New and 


$3 4 50 be supplied as an extra. unused. 
“ $1 0 50 Post and 
es 


packing $1.75. 
With Leather 


SIGHTING PLANE Case 
TABLE ALIDADES 


An extremely well-made instrument constructed 
of Phosphor Bronze fitted with sighting vanes BOX 
parallel rule attachment. Length 18 in. Net weight 


2% lb. In_polished wood container, all in new 
condition. Fraction of cost. SEXTA NTS 
$ Post and Of special interest to the Land Surveyor, 
packing $1.75 this compact instrument is three inches in 
diameter and weighs only 1 Ib. Scale is di- 
vided to 130° and angies can be read by 
vernier to one minute of angle. Excellent 
condition in 
leather case. $1 4 Post and 
packing $1.75. 


THE NEW UTILITY 


GEIGER COUNTER 
ABNEY LEVELS EX.MO.S. Details on request 


The most popular of the minor instruments for 
measurement of vertical angles, this pocket size 
reflecting level is the standard type, extending 
by two draws to 7 inches. The silvered arc is 
divided 0-90 degrees elevation and depression, 
and vernier can be read through the adjustable 
magnifier to within 10 minutes. These fine in- 
struments are complete in leather case, and are 


offered in new 
condition at ap- $10 50 Post and 
prox. half price. a packing $1 


REFLECTING CLINOMETER Re 
An extremely compact Clinometer measuring 234 HELIOGR APHS 


in. in diameter and weighing only 6 ozs. Angles 

of up to 45° elevation and depression can be read 5 in, latest pattern with two 

instantly to an accuracy of 1° or interpolated to spare mirrors. Double- 

15 minutes. Complete in jointed sighting rod, etc. 

leather case, Brand new $ Post and Complete in leather case. 

condition, packing $1 Cost approx. $100. Brand new and perfect. 


LIQUID PRISMATIC POCKET COMPASS 


Post and 


in one degree divisions. The mother-of-pearl dial is suspended in non- 
packing $1. 


freezing liquid. Adjustable magnifying prism. Well-made hinged case 
of 2 in. diameter. Net weight 11 oz. Current cost approx. $40. 


CHARLES FRANK Ltd. 


67-75 SALTMARKET, GLASGOW, C.1. SCOTLAND 


We carry a comprehensive stock of M.O.S. Geological and Survey equipment and our catalogue includes 
details of Bi lars, Telescopes, Plane tables, tripods, aneroid bar ters, drawing instr ts, etc. 
Instrument makers and suppliers of scientific equipment since 1907. Actual makers of paraboloidal telescope 
mirrors, special purpose flats, prisms, etc. Send for illustrated catalogue. 


Service = Mk. III. Precision pocket instrument engraved 0-360° 
i $11.2 
a 
































McLEAN PALEONTOLOGICAL LABORATORY 


Card catalogues of fossils available by subscription, created on contract or by mutual 
agreement, Compilation and research facilities by contract. Training program for 
micropaleontologists offered. 

James D. McLean, Jr., Box 916, Alexandria, Virginia, U.S.A. 











<* See tim 


i FIRST... with the handy-pack dispenser 
— stops waste! 

J FIRST... with geologist-designed bag — 
strong, sift-proof! 
FIRST... with “Magic-Mark" tag—holds 
pencil markings! 


E NOW, FIRST WITH THE NEW 


GOLDEN 


MAGIC MARK 


TAG 
EASIER TO READ 
easier to recognize 


| At an approximate cost of $2.00 each 
sample to collect and process, losses of 
important data due to inferior bags adds 
| up to a big expense. Now, with the im- 
proved readability of the new “GOLDEN 
MAGIC MARK TAG”, HUBCO bags, 
more than ever before prove their worth 
| in dollar savings. Data is always legible 
regardless of mud and moisture! 


| Sold by oil field supply jobbers, dealers. 
WRITE us for FREE sample and price list. JP 


HUTCHINSON BAG CORP. P 0 Box 868 Hutchinson, Kansas 

















